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ABSTRACT
R ice  which had been s u b je c te d  t o  a  f r e e z e - th a w  p ro c e s s  
f o r  s t a r c h  r e t r o g r a d a t i o n  was e v a lu a te d  a g a in s t  a c a n n e r 's  
g rad e  o f  p a r b o i le d  r i c e  f o r  cann ing  s t a b i l i t y .  F re e z e -  
thaw r i c e  i s  a c r o s s - l i n k e d  p ro d u c t ,  b u t  t h e s e  c r o s s - l i n k ­
ag es  have been induced  by p h y s ic a l  c o n d i t io n s  r a t h e r  th a n  
chem ical means, and th e  p ro duc t c o n ta in s  no chem ical ad ­
d i t i v e  o f  any k in d .
F ree ze - th aw  and p a rb o i le d  r i c e s  were canned i n  w a te r  
o r  roux  a t  2l|.0oF, f o r  60 min. and 250°F. f o r  37 min. F ive  
r e p l i c a t i o n s  o f  each sam ple were e v a lu a te d  o b j e c t i v e l y  f o r  
v i s c o s i t y  o f  t h e  cann in g  medium, im bibe r a t i o  and s o l i d s  
change. S u b je c t iv e  e v a lu a t io n  was made by a pan e l o f  n in e  
ju d g e s .  E le c t r o n  pho tom ic rographs  o f  th e  r i c e  endosperm 
and ph o to g rap h s  o f  t h e  r i c e  a s  i t  emerged from th e  can 
were made. A second s tu d y  compared b lan ch ed  and unblanched 
sam ples o f  p a r b o i l e d ,  f r e e z e - th a w  and f r e e z e  d r ie d  r i c e  f o r  
im bibe r a t i o ,  s o l i d s  l o s s  and t u r b i d i t y  o f  t h e  cann ing  l i ­
quo r.
F ree ze - th aw  r i c e  was found t o  be more s t a b l e  th a n  p a r ­
b o i le d  r i c e  w ith  re g a rd  t o  l o s s  o f  s o l i d s  in  t h e  can , and 
th e  use  o f  roux  a s  a cann in g  medium r e ta r d e d  bo th  s o l i d s  
l o s s  and w a te r  a b s o r p t io n  o f  t h e  g r a in .  The ju d g es  p a r t i ­
c i p a t i n g  in  s e n so ry  e v a lu a t io n  p r e f e r r e d  t r e a t e d  r i c e  o v e r  
u n t r e a te d  w i th  re g a rd  t o  c o l o r ,  a p p e a ra n c e ,  c o h e s iv e n e s s
v i i
and d o n e n e ss f b u t could  n o t d i s t i n g u i s h  t a s t e  d i f f e r e n c e s .  
The p r e f e r r e d  t r e a tm e n t  co m bin a tio n  was f r e e z e - th a w  r i c e  
canned in  roux  a t  250°F. The l a r g e  g r a in  s i z e  and porous 
n a tu r e  o f  f r e e z e - th a w  t r e a t e d  r i c e  caused i t  t o  f l o a t  upon 
t h e  can n ing  medium a t  t h e  o n s e t  o f  p ro c e s s in g  and th e  i n e r t  
s t a t e  o f  th e  r e t r o g r a d e d  endosperm p re v en ted  undue s lo u g h ­
in g  and g e l a t i o n  o f  th e  l o s t  m a t e r i a l .  W hile f r e e z e  d r ie d  
r i c e  was q u i t e  bouyant and l o s t  l i t t l e  s o l i d s  in  th e  can­
n in g  p ro c e s s ,  t u r b i d i t y  m easurem ents on t h e  cann ing  l i q u o r  
showed i t  t o  be l a c k in g  t h e  s t a b i l i t y  o f  r e t r o g r a d e d  s t a r c h .
viii
INTRODUCTION
Canning o f  r i c e  in  l i q u i d  media has been a c o n s ta n t  
problem in  th e  food i n d u s t r y .  The g o a l  i s  t o  o b t a in  canned 
r i c e  w ith  s e p a r a t e , n o n -c o h e s iv e  k e r n e l s  and a minimal 
amount o f  l o n g i t u d i n a l  s p l i t t i n g  and f r a y in g  o f  t h e  edges 
and end s . The cann ing  l i q u i d  shou ld  not be th ic k e n e d  o r  
c louded  by f r e e d  s t a r c h .
At t h e  r e q u e s t  o f  a l o c a l  p ro c e s s o r  whose canned p ro ­
d u c ts  in c o r p o r a te  r i c e ,  an  a t te m p t  was made t o  f in d  a r i c e  
s u i t a b l e  f o r  r e t o r t i n g  a t  240°F. f o r  60 min. in  a v i s c o u s  
medium, w h ile  m a in ta in in g  th e  p re v io u s ly  d e s c r ib e d  c h a ra c ­
t e r i s t i c s .  The purpose o f  t h i s  i n v e s t i g a t i o n  was t o  deve­
lo p  such a r i c e  w ith o u t  s o p h i s t i c a t e d  t r e a tm e n t  so t h a t  i t  
would be o f  v a lu e  t o  sm a ll  p ro c e s s o r s  who a r e  no t equipped  
t o  u t i l i z e  advanced methods o f  t r e a tm e n t  o r  p ro c e s s in g .
A v i s i t  t o  th e  p la n t  r e v e a le d  t h a t  sh rim p  s tew , gumbo 
and e to u fe e  were b e in g  made u s in g  a b lan ch ed  c a n n e r ' s  g rade  
o f  long  g r a in  r i c e .  The b la n c h in g  p ro c e s s  r e q u i r e d  much 
la b o r  and en e rg y , b u t d id  no t p rev en t t h e  r i c e  from s e t t l i n g  
t o  t h e  bottom  o f  th e  can where s w e l l in g  caused  a d h e s io n  and 
g e l a t i o n .  When th e  canned p roduc t was i n s p e c t e d ,  t h e  r i c e  
emerged from th e  can in  a s o l i d  clump.
A f te r  much p re l im in a ry  work i n v e s t i g a t i n g  d i f f e r e n t  
a l t e r n a t i v e s ,  i t  was found t h a t  r i c e  s t a r c h  c r o s s - l i n k e d  
th ro u g h  a f r e e z e - th a w  p ro c e s s  c a u s in g  r e t r o g r a d a t i o n  was
1
2s u f f i c i e n t l y  s t a b l e  t o  a l l e v i a t e  clum ping p rob lem s. T h is  
r i c e  was t e s t e d  a t  t h e  can n in g  p la n t  w i th  v e ry  s a t i s f a c t o r y  
r e s u l t s .  I t  d id  n o t r e q u i r e  b la n c h in g ;  i t  f l o a t e d  upon th e  
can n ing  medium a t  t h e  o n s e t  o f  p ro c e s s in g  so t h a t  clum ping 
was a v o id e d ,  and th e  s t a r c h e s  l i b e r a t e d  d u r in g  p ro c e s s in g  
d id  n o t cause  a d h e s io n  prob lem s. L a b o ra to ry  e v a lu a t io n  o f  
t h i s  p roduc t was d e s ig n ed  t o  in c o r p o r a te  t h e  f l o u r  and o i l  
roux  and t h e  p ro c e s s in g  c o n d i t io n s  used  by t h e  cann ing  
company.
The f re e z e - th a w  p ro c e s s  i s  one i n  which p a r t i a l l y  hy­
d ra te d  r i c e  i s  s u b je c te d  t o  a slow f r e e z e  fo llo w ed  by thaw ­
in g .  T h is  c a u se s  p a r t i a l  u n c o i l in g  o f  t h e  r i c e  amylose 
and presum ably a s  w a te r  i s  f r o z e n  o u t ,  s e t s  up h y d ro x y l-  
hyd roxy l bonds ( 1 ) .  Amylose th u s  s t a b i l i z e d  i s  a b le  t o  
w i th s ta n d  m o is t  h e a t  c o n d i t io n s  found i n  ca n n in g , w h ile  
t h e  c r o s s - l i n k a g e s  r e s p o n s ib l e  f o r  t h e  improvement do n o t  
c o n ta in  a  chem ica l a d d i t i v e .  T h is  r i c e  i s  com m erc ia lly  
produced and would no t o n ly  n o t r e q u i r e  i n s t a l l a t i o n  o f  
equipm ent in  t h e  cann ing  p l a n t ,  b u t  would re d u c e  l a b o r  and 
energy  re q u ir e m e n ts  f o r  t h e  p ro c e s s o r .
REVIEW OF LITERATURE
R ice S ta rc h  and i t s  F r a c t i o n s
The p r i n c i p a l  chem ica l c o n s t i t u e n t  o f  r i c e  i s  s t a r c h .  
On a d ry  b a s i s ,  w h i te  m i l le d  r i c e  may c o n ta in  up  t o  90# 
s t a r c h  w ith  t h e  rem a in in g  10# r e s p o n s i b l e  f o r  t h e  p r o t e i n ,  
l i p i d ,  v i ta m in  and m in e ra l  c o n te n t  o f  t h e  g r a in  ( 2 ) .  Fac­
t o r s  t h a t  produce d i s c e r n i b l e  changes in  s t a r c h  w i l l  t h e r e ­
f o r e  e f f e c t  r e l a t e d  changes i n  r i c e  g r a in s .  S im i l a r l y ,  
d i f f e r e n c e s  i n  th e  chem ica l and p h y s ic a l  b e h a v io r  o f  r i c e  
t h a t  i n a t e l y  p e r t a i n  t o  t h e  d i f f e r e n t  ty p e s  o f  s t a r c h  p re ­
s e n t  w i l l  be r e f l e c t e d  in  th e  r i c e  i t s e l f  a s  t h e i r  p ro p o r­
t i o n s  d i f f e r  from v a r i e t y  t o  v a r i e t y .
The r i c e  endosperm c o n s i s t s  o f  t h i n - w a l l e d  parenchyma 
c e l l s ,  u s u a l ly  r a d i a l l y  e lo n g a te d ,  c o n ta in in g  many compound 
s t a r c h  g r a n u le s  and some p r o t e i n  b o d ie s  ( 2 ) .  Of t h e  common 
s t a r c h e s ,  r i c e  has  t h e  s m a l l e s t  g r a n u le s ,  a p p ro x im a te ly  5 
t o  9 m icrons  i n  d ia m e te r  in  t h e  c e n t r a l  p o r t i o n  o f  t h e  k e r ­
n e l  and 2 t o  ^ m icrons i n  t h e  p e r ip h e r a l  c e l l s .  The g r a ­
n u le s  a r e  po ly g o n a l and compound, w ith  t h e  s t r u c t u r e  o f  a 
p en ta g o n a l  dodecahedron . Meyer (3) proposed  m o le c u la r  r a ­
d i a l l y  o r i e n t e d  b u n d le s  o r  " m i c e l l e s " , i n  which in t e r m in ­
g le d  and b ranched  m o lecu le s  a r e  o r i e n t e d  r a d i a l l y  tow ard 
th e  h i l iu m  w ith  t h e  a ld e h y d ic  t e r m in a l s  p o in te d  inw ard . 
W ith in  th e  g r a n u le ,  t h e s e  m ic e l l e s  a r e  formed whenever l i ­
n ea r  segm ents o f  s t a r c h  components p a r a l l e l  each o t h e r  and
3
4a s s o c i a t e  by hydrogen bonding  th ro u g h  h y d ro x y l g roups  o f  
bo th  c h a in s .  A c h a in  i s  no t r e s t r i c t e d  t o  one bund le  bu t 
may p a r t i c i p a t e  i n  s e v e r a l  m ic e l l e s  t o  form a t h r e e  dimen- 
t i o n a l  l a t t i c e .  The o rg a n iz e d  c r y s t a l l i t e  r e g io n s  th u s  
formed su rro u n d  a r e a s  o f  more lo o s e  and amorphous c h a r a c t e r  
where th e  c h a in s  c r i s s - c r o s s  random ly . These c o n d i t io n s  
s a t i s f y  th e  a s s o c i a t i v e  f o r c e s  o f  a d ja c e n t  m o le c u le s ,  m in i­
m izing  h y d r a t io n  t e n d e n c ie s ,  th u s  r e n d e r in g  th e  g ra n u le  i n ­
s o lu b le  in  co ld  w a te r  (4)*
The arrangem en t o f  m i c e l l a r  and i n t e r m i c e l l a r  r e g io n s ,  
w ith  t h e i r  d i f f e r i n g  d e g re e s  o f  o r g a n iz a t io n  g iv e  r i s e  t o  
t h e  p o l a r i z a t i o n  c r o s s  and b e ta -X - ra y  d i f f r a c t i o n  spec trum  
o f  t h e  s t a r c h  ( 3 ) .  Because o f  t h e  sm a ll  s i z e  o f  r i c e  g r a ­
n u l e s ,  h i s t o l o g i c a l  s t u d i e s  a r e  d i f f i c u l t  t o  acco m plish  ( 2 ) ,  
and t h e  c h a r a c t e r i s t i c  f e a t u r e s  o f  th e  r i c e  g r a n u le s  such 
a s  t h e  h i l lu m ,  s t r i a t i o n s ,  and b i r e f r i n g e n c e  a r e  i n d i s t i n c t
( 5 ) .
The g r a n u le s  o f  r i c e ,  l i k e  t h e  s t a r c h  o f  most o th e r  
c e r e a l s ,  c o n ta in  a m ix tu re  o f  two ty p e s  o f  g lu c o s e  polymer 
( 2 , 6 , 7 ) ,  am ylose and a m y lo p e c t in .  Amylose i s  t h e  g roup  o f  
e s s e n t i a l l y  l i n e a r  (6) polym ers in  which th e  an h y d ro g lu co se  
u n i t s  a r e  l in k e d  th ro u g h  a lp h a - 1 ,4  g ly c o s id ic  bonds . The 
p a r t i a l  i n a c c e s s i b i l i t y  o f  am ylose t o  t h e  enzyme be ta-am y- 
l a s e  has  been shown t o  be due t o  th e  p re sen ce  o f  sm a l l  
amounts o f  b ra n ch in g  th ro u g h  a lp h a - 1 ,6  bonds on t h e  o rd e r  
o f  one b ranch  p o in t  per 500 r e s id u e s  (1 ) .  A m ylopectin , t h e
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p o ly s a c c h a r id e s ,  m a in ta in s  t h e  b a s ic  a rrangem en t o f  am ylose , 
b u t t h e  e x te n t  o f  b ra n ch in g  th ro u g h  a lp h a - 1 ,6  b ranch  p o in t s  
i s  g r e a t e r  th a n  in  am ylose , r a n g in g  from one in  16 t o  one 
in  25 r e s i d u e s  (1 ) .
In  s t a r c h ,  am ylose v a r i e s  in  d eg ree  o f  p o ly m e r iz a t io n  
from 200-2000 g lu c o se  u n i t s  depend ing  on t h e  p la n t  s o u rc e .
In  c o n t r a s t ,  am y lo p ec tin  d i s p l a y s  d e g re e s  o f  p o ly m e r iz a t io n  
o v e r  200,000 g lu c o se  u n i t s  ( 9 ) ,  w i th  th e  i n d i v id u a l  b ra n ­
ches  c o n s i s t i n g  o f  20-29 r e s id u e s  ( 2 ) .  The h ig h  v i s c o s i t y ,  
g r e a t  e l a s t i c i t y ,  and d e v ia t i o n s  from v a n ' t  H o f f 's  law o f  
s o l u t i o n s  o f  h ig h  po lym ers, such a s  am ylose and a m y lo p e c t in ,  
can be e x p la in e d  by t a k in g  i n t o  acco u n t t h e  t h r e a d - l i k e  
form and f l e x i b i l i t y  o f  t h e s e  m o le c u le s .  F u r th e rm o re , s e g ­
ments o f  t h e s e  c h a in s  may be s u b je c te d  t o  th e rm a l  m otions 
in d e p e n d e n tly  o f  o t h e r  segm ents o f  t h e  same c h a in  (7 ) .
Two p r o p e r t i e s  o f  am ylose which may be a t t r i b u t e d  t o  
t h e  s t e r e o r e g u l a r i t y  o f  t h e  polymer backbone and a c co u n t  
f o r  much o f  i t s  b e h a v io r  i n  foods  a r e  i t s  a b i l i t y  t o  form 
in c lu s io n  com plexes and th e  ten d en cy  o f  t h e  m o lecu le s  t o  
form c r y s t a l l i n e  b o d ie s  w ith  s t r o n g  m o le c u la r  i n t e r a c t i o n s
( 6 ) .  In  d i l u t e  s o l u t i o n ,  amylose a d o p ts  a randomly c o l le d  
form and upon a d d i t i o n  o f  a com plexing a g e n t  such  a s  i o d in e ,  
a h e l i c a l  s t r u c t u r e  o f  6 o r  7 g lu c o se  r e s id u e s  p e r  t u r n  
r e s u l t s  w ith  t h e  complexed m o lecu le s  occupy ing  th e  c e n t r a l  
c a v i ty  o f  t h e  h e l i x .  T h is  a b i l i t y  t o  form a c h a r a c t e r i s t i c
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i n t o  a d i a g n o s t i c  t o o l  t o  s tu d y  th e  p r o p e r t i e s  o f  v a r io u s  
s t a r c h e s  ( 1 ) .
When c o n c e n t r a te d  s o l u t i o n s  o f  am ylose a r e  s lo w ly  
c o o le d ,  c r y s t a l l i z a t i o n  o c c u rs  w ith  t h e  fo rm a tio n  o f  s p h e r -  
u l i t e s .  T h is  ty p e  o f  c r y s t a l l i z a t i o n  i s  more o f t e n  ob­
se rv e d  a s  r e t r o g r a d a t i o n ,  a p ro c e s s  i n  which th e  s t a r c h  
m o lecu le s  become i r r e v e r s i b l y  i n s o lu b le  in  w a te r  due t o  
th e  fo rm a tio n  o f  pow erfu l in t e r m o le c u la r  b o n d s . T h is  phe­
nomenon w i l l  be d is c u s s e d  in  more d e t a i l  i n  a  l a t e r  s e c t i o n  
s in c e  i t  i s  t h e  b a s i s  o f  t h e  s t a r c h  t r e a tm e n t  in  t h e  p re ­
s e n t  r e s e a r c h .  A lthough r e t r o g r a d e d  am ylose p o s s e s s e s  a 
c r y s t a l l i n e  s t r u c t u r e ,  t h e  e x a c t  n a tu r e  o f  t h e  bonding i s  
n o t y e t  known ( 1 ) .  In  c e r t a i n  c a s e s ,  am ylose i s  c a p ab le  
o f  fo rm ing  a g e l ,  a l th o u g h  i t s  random c o i l  co n fo rm a tio n  i s  
n o t conducive  t o  g e l  fo rm a t io n .  In  a 5-10^ s o l u t i o n  o f  amy­
l o s e ,  t h e  c h a in s  may be s u f f i c i e n t l y  c lo s e  so  t h a t  segm ents 
o f  d i f f e r e n t  c h a in s  a r r a n g e  th e m se lv e s  i n t o  a l a t t i c e  w h ile  
o t h e r  segm ents o f  t h e  same c h a in s  a r e  s t i l l  su rro u n d ed  by 
s o l v e n t .  In  t h i s  way, d i f f e r e n t  segm ents o f  one c h a in  may 
f i n a l l y  be p r e s e n t  in  d i f f e r e n t  c r y s t a l l i t e s  w h ile  t h e s e  
r e g io n s  a r e  connected  by m o le c u la r  f i l a m e n t s  su rro unded  by 
s o l v e n t ,  th u s  fo rm ing  th e  e l a s t i c  s t r u c t u r e  o f  a g e l .  S in ce  
am ylose i s  n o t h ig h ly  w a te r  s o lu b le  and o n ly  d i l u t e  s o lu ­
t i o n s  a r e  no rm ally  a t t a i n e d ,  p r e c i p i t a t i o n  u s u a l ly  o c c u rs  
a s  c r y s t a l l i z a t i o n  r a t h e r  th a n  g e l a t i o n  ( 1 ,7 ) .
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c h a r id e s ,  has  p r o p e r t i e s  s i m i l a r  t o  am ylose b u t d i f f e r i n g  
in  d e g re e .  Amylose g iv e s  a s t r o n g  b lu e  c o lo r  upon i n c l u ­
s io n  o f  io d in e ,  w hereas a m y lo p e c t in  g iv e s  a much w eaker re d  
c o lo r  r e l a t e d  t o  t h e  f i rm n e s s  w ith  which io d in e  i s  bound 
( 2 , 9 ) .  W hile b o th  polym ers a r e  h e l i c a l  i n  s o l u t i o n ,  amy­
lo s e  a t t a i n s  a s t l f f e r  c o i l - h e l i x  t r a n s f o r m a t io n  th a n  amy­
l o p e c t i n  ( 1 ,9 ) .  Gel fo rm a tio n  i s  t h e  norm al form o f  p re ­
c i p i t a t i o n  f o r  a m y lo p e c t in ,  a l th o u g h  c r y s t a l l i z a t i o n  can be 
induced  a f t e r  r e p e a te d  f re e z e - th a w  c y c le s  ( 1 ,7 ) .
W hile g r a n u la r  s t a r c h e s  a r e  n o t  h ig h ly  c r y s t a l l i n e ,  
two main ty p e s  o f  c r y s t a l  s t r u c t u r e  have been d em o n s tra ted  
by x - r a y  d i f f r a c t i o n .  The c e r e a l  s t a r c h e s  d i s p l a y  an  "A" 
ty p e  p a t t e r n  w h ile  th e  t u b e r  s t a r c h e s  show a "B” ty p e ;  a 
"C" ty p e  i s  i n t e r m e d ia te  between th e  tw o. P ro c e s s e s  which 
fa v o r  in c r e a s e d  c r y s t a l l i n i t y  in d u ce  a "B11 p a t t e r n ,  w here­
a s  h e a t  ca u se s  t h e  amorphous "A" p a t t e r n  t o  emerge. When 
s t a r c h  i s  b a l l - m i l l e d  o r  ground u n t i l  g r a n u la r  s t r u c t u r e  i s  
l o s t ,  o r  h e a te d  t o  d r iv e  o f f  bound w a te r ,  an  amorphous x -  
ra y  p a t t e r n  i s  e v id e n t .  The p ro p e r ty  o f  s t a r c h  t o  g iv e  
c r y s t a l l i n e  x - ra y  p a t t e r n s  has  been  a t t r i b u t e d  by some 
w orkers  to  th e  am ylose f r a c t i o n  (10-15)»  how ever, waxy r i c e  
which c o n ta in s  a lm o st no am ylose h as  an x - r a y  d iagram  i n ­
d i s t i n g u i s h a b l e  from t h a t  o f  o th e r  c e r e a l  g r a i n s .  I t  h as  
been p o s tu la te d  t h a t  am y lo p ec tin  can c r y s t a l l i z e  in  th e  
same l a t t i c e  a s  am ylose (3) a l th o u g h  t h i s  r e q u i r e s  th e  mole­
6c u le  p o sse s s  s u f f i c i e n t l y  lo n g  s t r a i g h t - c h a i n  p o r t io n s  
which may a s s o c i a t e .  A m ylopectin  h as  been  s u g g e s te d  t o  be 
t h e  b a s i c  s t r u c t u r a l  component o f  t h e  s t a r c h  g ra n u le  which 
would th e n  be composed o f  r a d i a t i n g ,  p a r a - c r y s t a l l i n e  f i ­
b r i l s  o f  a m y lo p e c t in  w ith  am ylose f i l l i n g  th e  i n t e r s t i c e s .  
R ecent s t u d i e s  rev iew ed  by Banks (6) s u p p o r t  t h i s  c o n c e p t .  
Lugay and J u l i a n o  (16) s t u d i e d  th e  h y p o th e s i s  t h a t  a s i d e  
from c r y s t a l  t y p e ,  t h e  e x te n t  o f  c r y s t a l  p e r f e c t i o n  o f  
g r a n u la r  s t a r c h  I n f lu e n c e s  some o f  i t s  p h y s ic a l  p r o p e r t i e s .  
G e l a t i n i z a t i o n  te m p e ra tu re  and d eg ree  o f  s w e l l in g  were c o r ­
r e l a t e d  w ith  t h e  a s s o c i a t i v e  bonding  ex p e c te d  w ith  a h ig h  
d eg ree  o f  c r y s t a l l i n e  o r d e r .  They found an  i n c r e a s e  i n  
g e l a t i n i z a t i o n  te m p e ra tu re  and a  d e c re a s e  i n  p a s te  v i s c o s i t y  
and e x te n t  o f  s w e l l in g  w ith  i n c r e a s i n g  c r y s t a l l i n i t y .
R ic e s  which c o n ta in  a s i g n i f i c a n t  amount o f  am ylose 
(6 -37$) a r e  term ed  non-waxy, and th o s e  w i th  a  m inu te  amount 
(0 .6 - 1 .3 $ )  a r e  term ed  waxy; t h e  m ajor s t a r c h  component i s  
a m y lo p e c t in  ( 2 ) .  These v a r i a t i o n s  in  s t a r c h  f r a c t i o n s  a r e  
b a s i c  i n  d e te rm in in g  th e  p h y s ico ch em ica l  p r o p e r t i e s  o f  r i c e  
(1 7 -2 2 ) .
G e l a t i n i z a t i o n
G e l a t i n i z a t i o n  i s  t h e  p ro c e s s  by which t h e  a p p l i c a t i o n  
o f  h e a t  and w a te r  r e s u l t  i n  t h e  h y d ra t io n  and i r r e v e r s i b l e  
s w e l l in g  o f  t h e  s t a r c h  g r a n u le .  The g e l a t i n i z a t i o n  tem p era ­
t u r e  o f  a s t a r c h  i s  th e  p o in t  a t  which th e  I n d iv id u a l  g ra n ­
9u le s  b eg in  to  s w e l l  and s im u l ta n e o u s ly  l o s e  t h e  i n t e r f e r ­
ence c r o s s e s  when viewed un der p o la r i z e d  l i g h t  (23)* F in a l  
g e l a t i n i z a t i o n  te m p e ra tu r e  may v a ry  from  55 t o  79°C. depen­
d in g  on th e  r i c e  and th e  env ironm ent i n  which i t  was grown, 
w h ile  any in d iv id u a l  sam ple may g e l a t i n i z e  o v e r  a ra n g e  o f  
10°C. o r  more ( 2 ) .  S ta rc h  may be g e l a t i n i z e d  in  any medium 
o f  h ig h  d i e l e c t r i c  c o n s ta n t  ( i . e .  c a p a b le  o f  d i s s o c i a t i n g  
th e  h y d r o p h i l i c  c o h e s io n  betw een s t a r c h  m o le c u le s )  o r  by 
s u b s ta n c e s  which a r e  p r e f e r e n t i a l l y  ad so rb e d  on th e  hy d ro x y l 
g ro u p s  o f  t h e  s t a r c h  th e re b y  n e u t r a l i z i n g  i n te r m o le c u la r  
a t t r a c t i o n .  Examples o f  such g e l a t i n i z i n g  l i q u i d s  a r e  am­
m onia, hydrogen  c y a n id e ,  form amide, and fo rm ic  a c i d ,  w h i le  
an  example o f  t h e  l a t t e r  ty p e  o f  a g e n t  i s  sodium hyd ro x id e  
s o l u t i o n  ( 4 ) .  T h is  ty p e  o f  g e l a t i n i z a t i o n ,  due t o  a b s o rp ­
t i o n  i s  u s u a l l y  r e v e r s i b l e  w ith  t h e  rem oval o f  t h e  c a u sa ­
t i v e  a g e n t .
The s t a r c h  g ra n u le  i s  n o t s o lu b l e  i n  co ld  w a te r ,  b u t 
upon a p p l i c a t i o n  o f  h e a t  t h e  s m a l l e r  c r y s t a l l i t e s  o f  th e  
s u r f a c e  b e g in  t o  d i s s o l v e ,  w h ile  t h e  l a r g e r ,  l e s s  s o lu b le  
c r y s t a l s  rem ain  i n t a c t .  The lo o sen ed  meshes a l lo w  th e  pene­
t r a t i o n  o f  w a te r  i n t o  t h e  g ra n u le  where s o l u t i o n  o f  low mo­
l e c u l a r  w eigh t am ylose p rodu ces  a h y p e r to n ic  c o n d i t io n  w ith  
r e s p e c t  t o  t h e  w a te r  o u t s id e  t h e  g r a n u le .  Up t o  3 0 ° C ., 
s t a r c h  g ra n u le s  undergo  l i m i t e d  s w e l l i n g ,  r e t a i n i n g  t h e i r  
t h r e e  d im e n t io n a l  netw ork by v i r t u e  o f  sm a ll  i n t e r l o c k i n g
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r e g io n s  a lm o s t  co m p le te ly  su rroun ded  by s o lv e n t  ( 3 ) ,  b u t  a s  
more w a te r  e n t e r s  t h e  g r a n u le ,  low m o le c u la r  w e ig h t am ylose 
d i f f u s e s  o u t  fo llo w ed  l a t e r  by low m o le c u la r  w eigh t am ylo- 
p e c t i n .  T h is  ca u se s  a d ro p  i n  o sm o tic  p r e s s u r e  w i t h i n ,  and 
th e  once sw o lle n  g ra n u le  b e g in s  t o  s h r in k .  The g ra n u le  may 
ab so rb  many t im e s  i t s  volume in  w a te r  w i th o u t  t h e  m o le c u le s  
o f  t h e  a m y lo p ec t in  netw ork  becoming se v e re d  from each  o t h e r ,  
so t h a t  each g ra n u le  re se m b le s  a con g lom era te  o f  s e v e r a l  
c o n c e n t r i c  b u b b l e - l i k e  n e t s  which e v e n tu a l ly  s e p a r a t e  a s  
more c r y s t a l l i t e s  a r e  d i s s o lv e d .  At te m p e ra tu r e s  above 
109°C«, a l l  t h e  c r y s t a l l i n e  a r e a s  a r e  d i s s o lv e d  and th e  
g r a n u la r  s t r u c t u r e  i s  no lo n g e r  e v id e n t  ( 3 , 7 ) .  L a rg e r  amy­
l o p e c t i n  m o lecu le s  a l lo w  g r e a t e r  d i s t e n t i o n  o f  th e  netw ork  
w i th o u t  r u p tu r e  ( 3 ) .
B irch  e t  a l .  (24) deduced t h a t  i f  g e l a t i n i z a t i o n  i s  a 
p ro c e s s  o f  hydrogen  bond r u p tu r e  w i th in  t h e  s t a r c h  g ra n u le  
fo llo w ed  by w a te r  p e n e t r a t i o n  i n t o  th e  lo o se n e d ,  d i s o r g a ­
n iz e d  s t r u c t u r e ,  th e n  upon c o o l in g  g e l a t i n i z e d  s t a r c h  th e  
t o t a l  hydrogen bonding energy  sh o u ld  become c o n s id e ra b ly  
g r e a t e r  th a n  in  t h e  n a t iv e  s t a r c h  g r a n u le .  From t h i s ,  th e y  
pu t f o r t h  t h e  h y p o th e s i s  t h a t  i n c r e a s e  in  hydrogen bond 
energy  sh o u ld  r e l a t e  t o  d eg ree  o f  g e l a t i n i z a t i o n .  Compari­
son o f  I n f r a r e d  s p e c t r a  o f  s t a r c h  sam ples w ith  chem ica l 
d a ta  f o r  g e l a t i n i z a t i o n  showed t h a t  t h e  r a t i o  o f  peak h e i g h t s  
a t  3200 and 3350 cm- 1 , a t t r i b u t e d  t o  f r e e  and hydrogen bon­
ded h y d rox y l g ro u p s ,  when p l o t t e d  a g a in s t  p e rc e n t  o f  g e l a -
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t i n i z e d  s t a r c h  gave a s t r a i g h t  l i n e .  T h is  h as  been i n t e r ­
p re te d  a s  ev id en c e  in  f a v o r  o f  t h e  hydrogen-bonded n a tu re  
o f  g e l a t i n i z e d  s t a r c h  and th e  method h as  been  su g g e s te d  a s  
a r a p id  and co n v e n ie n t  means o f  fo l lo w in g  th e  g e l a t i n i z a ­
t i o n  p ro c e s s  in  cooking  r i c e .
The d i f f i c u l t i e s  met i n  t h e  can n in g  o f  r i c e  have been 
due t o  t h e  b e h a v io r  o f  t h e  s t a r c h  when exposed t o  h e a t  in  
l i q u i d  m edia . I f  s t a r c h  i s  h e a te d  in  w a te r  w i th o u t  v ig o r ­
ous s t i r r i n g  (a s  in  c o n v e n t io n a l  can n in g  o p e r a t io n s )  th e  
o u t e r  r e g io n s  o f  t h e  r i c e  g r a in s  come i n  c o n ta c t  w ith  each  
o th e r  and w ith  m a t e r i a l  s lo u g h ed  o f f  due t o  t h e  extrem e 
c o n d i t io n s  w i th in  t h e  r e t o r t .  S ta rc h  c h a in s ,  one end o f  
which i s  s t i l l  f i x e d  i n  t h e  c r y s t a l l i t e  o f  a g ra n u le  w h ile  
a n o th e r  b ran ch  i s  su rro u n d ed  by s o l v e n t ,  e n ta n g le  in  th e  
" d is s o lv e d "  r e g io n  a s  a r e s u l t  o f  th e rm a l  m otion  o f  t h e s e  
f r e e  segm ents . A dhesive p r o p e r t i e s  th u s  a p p e a r  on a  mac­
ro s c o p ic  s c a l e  ( 7 ) .  R ice  s t a r c h ,  which c o n ta in s  am ylose o f  
v e ry  h ig h  m o le c u la r  w e ig h t ,  g iv e s  a p a s te  which s o l i d i f i e s  
q u i t e  r a p i d l y .  The r e s u l t  may be s e e n  i n  cans where th e  
e n t i r e  r i c e  c o n te n t  i s  g e l l e d  i n t o  a s o l i d  mass w ith  leach ed  
m a t e r i a l  s e r v in g  a s  t h e  a d h e s iv e .
Many s t u d i e s  r e l a t e  g e l a t i n i z a t i o n  te m p e ra tu r e  t o  r i c e  
p r o p e r t i e s .  B e a c h e l l  (25) found t h a t  most non-waxy r i c e  
v a r i e t i e s  were c h a r a c t e r i z e d  by a low g e l a t i n i z a t i o n  tem ­
p e r a tu r e  (69°C. o r  lo w er)  w h i le  waxy ty p e s  d is p la y e d  a  h ig h  
( g r e a t e r  th a n  74°C .) g e l a t i n i z a t i o n  t e m p e ra tu r e .  J u l i a n o
12
e t  a l .  (26) found a n e g a t iv e  c o r r e l a t i o n  betw een th e  ea se  
o f  h y d ro c h lo r ic  a c id  c o r r o s io n  o f  r i c e  s t a r c h  and g e l a t i n i ­
z a t io n  t e m p e ra tu r e ,  and su g g e s te d  t h a t  g e l a t i n i z a t i o n  tem ­
p e r a tu r e  may r e f l e c t  t h e  a c c e s s i b i l i t y  and p o r o s i ty  o f  
s t a r c h  g r a n u le s  t o  s e v e r a l  r e a g e n t s .  Cooking t im e s  o f  r i c e  
have a l s o  been shown t o  be r e l a t e d  t o  g e l a t i n i z a t i o n  tem­
p e r a tu r e  (2 0 ) .  Because r i c e s  w ith  s t a r c h  o f  low g e l a t i n i ­
z a t io n  te m p e ra tu re  b e g in  t o  ab so rb  w a te r  and s w e l l  a t  a 
low er te m p e ra tu r e ,  l e s s  cook ing  t im e  i s  r e q u i r e d  th a n  f o r  
r i c e s  o f  h ig h  g e l a t i n i z a t i o n  te m p e ra tu r e .  I t  was a l s o  
found t h a t  non-waxy r i c e  c o n t in u e s  t o  a b so rb  w a te r  above 
i t s  g e l a t i n i z a t i o n  p o in t  w hereas t h e  maximum w a te r  a b s o rp ­
t i o n  and g e l a t i n i z a t i o n  te m p e ra tu r e  o f  waxy v a r i e t i e s  n e a r ly  
c o in c id e  (2 6 ) .  The a l k a l i  t e s t  o f  L i t t l e  e t  a l .  (2 7 ) ,  in  
which g e l a t i n i z a t i o n  te m p e ra tu re  i s  i n d i r e c t l y  m easured by 
so ak in g  r i c e  g r a in s  in  1.7% po tass iu m  hyd ro x id e  and measu­
r i n g  th e  d eg ree  o f  c l e a r i n g  and s p re a d in g  in  23 h o u rs ,  su g ­
g e s t s  t h a t  g e l a t i n i z a t i o n  te m p e ra tu re  may r e f l e c t  t h e  po r­
o s i t y  o f  th e  e n t i r e  endosperm .
P a r b o i l in g
The p a r b o i l i n g  o f  r i c e  has  been p r a c t i c e d  f o r  many 
c e n tu r i e s  i n  t h e  F a r  E a s t , p r i n c i p a l l y  i n  I n d ia ,  and in  
some r e g io n s  o f  E q u a to r i a l  A fr ic a  (2 6 ) .  A pproxim ately  20% 
o f  t h e  w o r ld ’ s r i c e  c ro p  i s  p a rb o i le d  (2 9 ) .  P a r b o i l in g  i s  
a h ig h ly  deve loped  food p ro c e s s in g  o p e r a t io n ,  d e s ig n ed  to
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b r in g  ab o u t d e s i r a b l e  e f f e c t s ,  by a l t e r i n g  t h e  p h y s ic a l  p ro ­
p e r t i e s  o f  th e  g r a in .  B a s i c a l l y ,  th e  p ro c e s s  c o n s i s t s  o f  
so ak in g  th e  ro u g h , u n m illed  r i c e  i n  h o t w a te r  f o r  6 t o  15 
h o u rs  t o  in s u r e  t h a t  t h e  g r a in s  a r e  p e n e t r a t e d ,  d r a in in g ,  
t r e a tm e n t  under s team  p re s s u r e  u n t i l  com plete  g e l a t i n i z a ­
t i o n  i s  a t t a i n e d ,  d ry in g  by a r t i f i c i a l  means, and m i l l i n g  
(28) .
There  a r e  many advan tag eo u s  r e s u l t s  in h e r e n t  t o  th e  
p a r b o i l i n g  o f  r i c e .  W hile t h e  te m p e ra tu re  i s  r a i s e d  t o  t h e  
p o in t  a t  which s t a r c h  g e l a t i n i z e s ,  t h e  paddy i s  made s t e r ­
i l e  and can no lo n g e r  g e rm in a te ,  w h ile  m olds, i n s e c t s  o r  
s p o re s  which i n f e s t  th e  r i c e  a r e  d e s tro y e d  (2 8 ) .  R e s to r a ­
t i o n  o f  t h e  k e r n e l  to  i t s  norm al s t a t e  by d ry in g  cements 
t h e  i n t e r i o r  f i s s u r e s  o r  f r a c t u r e s ,  u n i f i e s  t h e  k e r n e l ,  and 
le a d s  to  th e  d is a p p e a ra n c e  o f  i n t e r i o r  w h ite  zones and na­
t u r a l  d e f o r m i t i e s  o f  th e  k e r n e l  (3 0 ) .  T h is  makes th e  k e r ­
n e l  t r a n s l u c e n t ,  h a rd ,  and tough  r e s u l t i n g  i n  a h ig h e r  m i l ­
l i n g  y i e l d  o f  e d ib l e  r i c e ,  and a r e d u c t io n  i n  t h e  q u a n t i t y  
o f  broken  g r a in s  (3 1 -3 5 ) .  In  a  r e c e n t  s tu d y ,  Rao e t  a l .
(36) de te rm ined  th e  e f f e c t s  o f  v a r i a t i o n s  o f  so a k in g  tem ­
p e r a t u r e ,  so ak in g  t im e ,  and steam  te m p e ra tu re  i n  th e  p a r ­
b o i l i n g  p ro c e s s  on t h e  q u a l i t y  o f  m i l le d  r i c e .
H ardness and com pactness o f  th e  endosperm in c r e a s e s  
k eep in g  q u a l i t y  by r e n d e r in g  th e  r i c e  l e s s  prone t o  ab so rb  
m o is tu re  and more r e s i s t a n t  t o  mold and i n s e c t  in v a s io n .  
During cook ing , p a rb o i le d  r i c e  s w e l ls  more th a n  n o n -p a r -
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b o i l e d  b ecau se  i t  i s  a b le  t o  a b so rb  more w a te r  w h ile  l o s i n g  
l e s s  s t a r c h  t o  t h e  cooking  w a te r  (26)» N u t r i t i o n a l  enhance 
ment r e s u l t i n g  from p a r b o i l i n g  h a s  been  s tu d i e d  e x t e n s iv e ly  
(3 7 -4 1 ) .  Modern p ro c e s s e s  o f  p a r b o i l i n g  have been shown 
t o  cause  w a te r  s o lu b le  v i ta m in s  t o  m ig ra te  and become f ix e d  
in s i d e  t h e  endosperm , so t h a t  th e y  a r e  n o t  l o s t  even in  a 
h ig h ly  p o l i s h e d  p ro d u c t .  W hile p a r b o i l i n g  does n o t a p p re ­
c ia b ly  change th e  p r o t e i n  c o n te n t  o f  t h e  g r a i n ,  in c re a s e d  
co h e s io n  betw een th e  s t a r c h  g r a n u le s  and p r o t e in  b o d ie s  
makes t h e  p r o t e in  d i f f i c u l t  t o  e x t r a c t .  In  a d d i t i o n ,  t h e r e  
i s  a s l i g h t  c o n v e rs io n  o f  s t a r c h  t o  re d u c in g  s u g a r s ,  b u t  
am ylose i s  no t a p p r e c ia b ly  a f f e c t e d .
Some o f  t h e  u n d e s i r a b le  r e s u l t s  o f  t h e  p ro c e s s  a r e  
d i f f i c u l t y  i n  p o l i s h in g ,  a b ro w n ish -y e llo w  c o lo r ,  a  p a r ­
t i c u l a r  sm e l l  and f l a v o r ,  and some darkened  g r a in s  (2 6 ) .
Kao and J u l i a n o  (4 2 ) ,  in  a s tu d y  t o  d e te rm in e  th e  e f ­
f e c t  o f  p a r b o i l i n g  on r i c e  p r o p e r t i e s ,  r e p o r t e d  t h a t  p a r ­
b o i l e d  r i c e  no lo n g e r  d i s p la y e d  th e  A p a t t e r n  by x - r a y  d i f ­
f r a c t i o n  a n a l y s i s .  They a l s o  found t h a t  th e  o r d e r l y  p o ly ­
h e d r a l  s t r u c t u r e  o f  t h e  compound r i c e  s t a r c h  g ra n u le s  had 
been changed i n t o  a  c o h e re n t  m ass. I n t r i n s i c  v i s c o s i t y  
m easurem ents i n d i c a t e d  no a p p r e c i a b l e  d e c re a s e  i n  t h e  mo­
l e c u l a r  s i z e  o f  t h e  s t a r c h  and p r o t e i n  components a s  a r e ­
s u l t  o f  p a r b o i l i n g .  S e v e ra l  a d d i t i o n a l  i n v e s t i g a t i o n s  
have been made on th e  p h y s ico ch em ica l p r o p e r t i e s  o f  r i c e  
a s  th e y  a r e  a f f e c t e d  by p a r b o i l i n g  (4 3 -4 6 ) .
P a rb o i le d  r i c e ,  u n l ik e  w h ite  r i c e ,  does no t co m p le te ly  
d i s i n t e g r a t e  o r  lo s e  i t s  k e r n e l  i d e n t i t y  when su b m it te d  to  
cann ing  p ro c e ss  t im e s  and te m p e ra tu r e s  in  s e m i - l i q u id  media 
such a s  so u p s . Webb and A dair  (47) deve loped  a l a b o r a to r y  
p a r b o i l i n g  a tm a ra tu s  so t h a t  new r i c e  v a r i e t i e s  and h y b r id  
s e l e c t i o n s  cou ld  r a p id l y  be e v a lu a te d  f o r  p a r b o i l - c a n n in g  
s t a b i l i t y .
Canning of R ice
P r io r  t o  t h e  developm ent o f  com m ercial p a r b o i l i n g  in  
th e  1940*3, th e  t e x t u r e  o f  canned r i c e  in  s e m i - l i q u id  media 
was l a r g e ly  u n a c c e p ta b le  (4 # ) .  P a r b o i l in g  c e r t a i n  v a r i e ­
t i e s  o f  r i c e  such a s  B lu e b e l le  and B e l le  Patna has  enab led  
c a n n e rs  t o  produce com m erc ia lly  a c c e p ta b le  p ro d u c ts  on ly  
when p ro c e s s in g  c o n d i t io n s  were no t to o  s e v e r e ,  f o r  exam ple, 
a s  i n  t h e  case  w ith  a g i t a t e d  r e t o r t s  t o  a c h ie v e  improved 
h e a t  t r a n s f e r .  C o nven tiona l r e t o r t i n g  equipm ent has  been 
re a s o n a b ly  s u c c e s s f u l  on ly  i f  t h e  r i c e  i s  canned in  a l i m i ­
te d  m o is tu re  medium.
R o b e r ts  e t  a l .  (49) developed  a method f o r  cann ing  r i c e  
by u s in g  l im i te d  m o is tu re  in  th e  can . The p ro c o ss  c o n s i s t s  
o f  w ashing and so ak in g  th e  raw w h ite  r i c e ,  b o i l i n g  from 2 
t o  4 m in u te s  o r  t o  a m o is tu re  c o n te n t  o f  abou t 55$, pack ing  
in  C-enamel cans and th e n  r e t o r t i n g .  S in ce  t h e  p rodu c t was 
n o t e d ib le  a t  t h i s  m o is tu re  l e v e l ,  i t  was p re p a re d  f o r  con­
sum ption  by a d d i t i o n a l  cook ing  in  b o i l i n g  w a te r .  T a s te  
pane l t e s t s  judged th e  canned long  g r a in  v a r i e t i e s  b e t t e r
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th a n  f r e s h l y  p re p a re d  r i c e  In  t h e  s e p a r a t i o n  o f  g r a in s  
and found t h a t  t h e  s h o r t  g r a in  v a r i e t i e s  had a b e t t e r  t e x ­
t u r e  th a n  f r e s h l y  p re p a red  s h o r t  g r a in  r i c e .
In  i n v e s t i g a t i n g  t h e  e f f e c t  o f  pH on t h e i r  canned r i c e  
p ro d u c ts ,  R o b e r ts  e t  a l .  (4 6 ) found t h a t  c i t r i c  a c id  caused 
r i c e  t o  be tough  and ru b b e ry  when b o i l e d  in  0 .0 1  t o  0,1%  
s o l u t i o n s  and t h a t  a c o n c e n t r a t io n  o f  0 .0 1 #  o r  l e s s  o f  a c e ­
t i c  a c id  s l i g h t l y  improved th e  c o lo r  and f l a v o r  o f  t h e  
canned r i c e .  I t  was recommended t h a t  a l k a l i n e  t a p  w a te r  be 
a d ju s t e d  t o  pH 7 o r  s l i g h t l y  below w ith  a c e t i c  a c i d .  They 
a l s o  concluded  t h a t  l i m i t e d  m o is tu re  c o n te n t  re d u c e s  k e rn e l  
d i s i n t e g r a t i o n  and th e  so ak in g  p e r io d  i s  b e n e f i c i a l  i n  p re ­
v e n t in g  clum ping o f  k e r n e l s .
M o d if ic a t io n  o f  t h e  e x c e ss  s t a r c h  by f r e e z i n g  th e  canned 
r i c e  was found t o  be b e n e f i c i a l  in  p re v e n t in g  c lum ping , bu t 
i t  was no t econom ica l (5 0 ) .  The p ro d u c ts  th u s  o b ta in e d  
were n o t o f  un ifo rm  q u a l i t y  s in c e  t h e  r a t e s  o f  f r e e z i n g  and 
th aw in g , which cou ld  no t be c o n t r o l l e d  in  a canned p ro d u c t ,  
have an  im p o r ta n t  b e a r in g  on th e  d eg ree  o f  s t a r c h  r e t r o g r a -  
d a t io n  o b ta in e d .
F e r r e l  e t  a l  (51) i n v e s t i g a t e d  t h e  use  o f  e m u l s i f i e r s  
and o i l  em u ls io n s  i n  re d u c in g  c o h e s io n  in  r i c e  canned in  a 
l i m i t e d  m o is tu re  medium. A f te r  an  I n i t i a l  so ak in g  p e r io d  
and a s h o r t  cook, t h e  r i c e  was r i n s e d  in  e m u l s i f i e r  o r  o i l  
em u ls ion . They found a  5# o i l  em uls ion  soak  and r i n s e  t o  
be most e f f e c t i v e  i n  re d u c in g  c o h e s iv e n e s s  o f  t h e  g r a i n s .
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A t a s t e  p ane l was no t a b l e  t o  r e l i a b l y  d i s t i n g u i s h  between 
th e  t r e a t e d  and u n t r e a te d  sam p les .
While p a rb o i le d  r i c e  i s  f a r  more s t a b l e  t o  can n ing  p ro ­
c e s s e s  th a n  w h ite  r i c e  ( 5 2 ) ,  t h e  optimum p a r b o i l i n g  c o n d i­
t i o n s  f o r  d i f f e r e n t  v a r i e t i e s  o f  r i c e  t o  be used in  canned 
p ro d u c ts  were no t c l e a r l y  d e f in e d .  Jo n es  (53) i n d i c a t e d  
t h a t  a s e v e re  steam  t r e a tm e n t  o f  10 m inu tes  o r  lo n g e r  a t  
15 p . s . i . g .  gave th e  b e s t  r e s u l t s .
Demont and Burns (46) s tu d ie d  th e  e f f e c t s  o f  p a r b o i l ­
in g ,  steam  t im e ,  pH, ca lc ium  l a c t a t e  a d d i t i o n ,  and b lan ch  
t im e  on th e  q u a l i t y  o f  canned r i c e  i n  s e m i - l i q u id  m edia.
They found t h a t  t u r b i d i t y  re sp o n se  t o  p a r b o i l i n g  t r e a tm e n t  
was b o th  l i n e a r  and q u a d r a t i c .  T u r b id i ty  d e c re a s e  v a r ie d  
d i r e c t l y  w ith  in c re a s e d  p a r b o i l in g  t im e s ,  b u t  t h e  i n c r e a s e  
i n  q u a l i t y  le s s e n e d  p r o p o r t i o n a t e ly  a t  lo n g e r  t r e a tm e n t s .  
C olor re sp o n se  t o  p a r b o i l  t r e a tm e n t  showed a p o s i t i v e  l i n ­
e a r  e f f e c t  w ith  i n c r e a s in g  steam  t im e  p ro d u c in g  a d a rk e r  
c o lo r .  For maximum a c c e p ta n c e ,  l i g h t n e s s  i s  p r e f e r r e d .
The t e x t u r e  o f  canned r i c e  improved r a p id l y  w i th  p a r b o i l i n g  
t im e ,  b u t f i rm n e s s  was enhanced l e s s  p r o p o r t i o n a t e ly  by 
t im e s  o v e r  10 m in u te s  a f t e r  t h e  o n s e t  o f  s te a m in g . Both 
low and h igh  pH in c re a s e d  t u r b i d i t y  o f  th e  can n ing  l i q u o r  
o ver more m odera te  hydrogen io n  c o n c e n t r a t io n s  b ecau se  a c id  
o r  b ase  h y d r o ly s i s  o c c u rre d  a t  t h e  ex tre m e s . Both c o lo r  
and t e x t u r e  were optimum a t  pHs n e a r  n e u t r a l .  Improvements 
no ted  in  o th e r  s t a r c h y  food s  due t o  t h e  a d d i t i o n  o f  ca lc iu m
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l a c t a t e  were n o t o bserved  i n  canned r i c e  and a l th o u g h  th e  
k e r n e l s  were sm oo th er, a h ig h e r  t u r b i d i t y  in  t h e  can n in g  
medium in d i c a t e d  t h a t  t h i s  sm oothness was due t o  s lo u g h in g  
o f  o u t e r  l a y e r s  o f  th e  g r a in s .  H igher c o n c e n t r a t io n s  o f  
ca lc iu m  l a c t a t e  were found t o  i n c r e a s e  t h e s e  d e l e t e r i o u s  
e f f e c t s .  The median b lan ch  t im e  o f  15 m in u te s  produced 
th e  l e a s t  t u r b i d i t y .  Ten m in u tes  were i n s u f f i c i e n t  t o  le a c h  
m a t e r i a l s  from th e  g r a in ,  w h i le  a b la n c h  t im e  o f  20 m in u te s  
caused  d i s i n t e g r a t i o n  d u r in g  th e rm a l  p ro c e s s in g .  The de­
c r e a s e  in  f i rm n e s s  w ith  I n c r e a s in g  b lan ch  t im e s  was a t t r i ­
b u ted  to  t h e  l o s s  o f  le a c h a b le  s o l i d s ,  ev idenced  by th e  
c o r re s p o n d in g ly  low er d ra in e d  w eigh t o f  t h e  r i c e .  B lan ch ing  
a l l e v i a t e d  clum ping and c o h e s io n  problem s by rem oving le a c h ­
a b le  s o l i d s  and by lo w er in g  th e  d e n s i ty  o f  t h e  r i c e  g r a i n .
Webb and A dair  (47) in t ro d u c e d  th e  p e rc e n ta g e  s o l i d s  
l o s s  on a d ry  b a s i s  a s  t h e  main c r i t e r i o n  f o r  t h e  cann ing  
s t a b i l i t y  o f  r i c e .  In  e v a lu a t in g  th e  cann ing  s t a b i l i t y  o f  
d i f f e r e n t  v a r i e t i e s ,  th e y  found J o j u t l a ,  w ith  o n ly  9% s o l i d s  
l o s s ,  t o  be th e  most s u i t e d  v a r i e t y  f o r  c a n n in g . J o j u t l a ,  
a Mexican v a r i e t y ,  i s  no t a d a p te d  t o  th e  U n ited  S t a t e s ,  b u t 
h as  been used  t o  d ev e lo p  some U.S. v a r i e t i e s  (5 4 ) .  The 
B lu e b e l le ,  Dawn, B luebonnet and Toro v a r i e t i e s  were r e p o r t e d  
to  have p e rc e n ta g e  s o l i d s  l o s s e s  o f  17, 19, 21 and 33 r e ­
s p e c t i v e l y .
A method f o r  p re p a r in g  canned cooked r i c e  has  been  
p a te n te d  by T o l le f s o n  and B ice (5 0 ) .  I t  c o n s i s t s  o f  so ak ­
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in g  p a r b o i le d  r i c e  In  weakly a c id i c  s o l u t i o n  o f  a c e t i c  a c id  
in  t h e  p re se n ce  o f  e d ib l e  mono- and d l g l y c e r l d e s  a t  a tem­
p e r a tu r e  above t h e  g e l a t i n l z a t i o n  p o in t  o f  t h e  s t a r c h  b u t 
below t h e  b o i l i n g  p o in t  o f  w a te r  f o r  a s u f f i c i e n t  t im e  to  
a c h ie v e  a m o is tu re  c o n te n t  between and 65%. A f te r  can­
n in g , t h i s  r i c e  p ro d u c t was a llow ed  t o  age in  t h e  can f o r  
s e v e r a l  days b e fo re  consum ption .
R ein fo rcem en t o f  n a t u r a l l y  o c c u r in g  in t e r m o le c u la r  
hydrogen bonds by c o v a le n t  l in k a g e s  h as  proven  t o  im part a 
ve ry  h ig h  d eg ree  o f  s t a b i l i t y  t o  r i c e  s u b je c te d  t o  th e rm a l  
p ro c e s s in g .  Hydroxyl g roups  o f  p a rb o i le d  r i c e  were c r o s s -  
l in k e d  w ith  \% phosphorus o x v c h lo r id e ,  based  on th e  w eigh t 
o f  th e  raw r i c e ,  in  an a l k a l i n e  sodium c h lo r id e  s o l u t io n  
by L oustaunau  (5 5 ) .  She found h ig h ly  s i g n i f i c a n t  im prove­
ments in  s o l i d s  l o s s ,  c o h e s iv e n e s s ,  and t e x t u r e  o f  t h e  
t r e a t e d  r i c e  o v e r  t h e  lo n g -g ra in e d  p a rb o i le d  c o n t r o l  canned 
in  ex c ess  w a te r  b o th  under a c id i c  and n e u t r a l  c o n d i t io n s .
The phosphorus o x y c h lo r id e  proved to  be an  e f f e c t i v e ,  bu t 
i n e f f i c i e n t  r e a g e n t  because  i t  r e a c te d  w ith  w a te r  and sodium 
h y d ro x id e . The com peting r e a c t i o n s  o f  th e  re a g e n t  in  aque­
ous media were v e r i f i e d  by phosphorus a n a ly s e s  which demon­
s t r a t e d  t h a t  on ly  2% o f  t h e  added c r o s s - l i n k i n g  re a g e n t  was 
p re se n t  in  t h e  canned r i c e .  Is lam  (56) and R u tledge  e t  a l .  
(57) found t h a t  w h ite  r i c e  cou ld  be c r o s s - l i n k e d  to  t h e  de­
s i r e d  e x te n t  on ly  by e p ic h lo ro h y d r ln  w hereas p a rb o i le d  sam­
p le s  could  r e a d i l y  be c r o s s - l i n k e d  by e p ic h lo ro h y d r ln ,
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sodium t r im e ta p h o s p h a te  and phosphorus o x y c h lo r id e ,  R u t­
le d g e  and Is la m  (56) c r o s s - l i n k e d  t h e  s t a r c h  o f  p a rb o i le d  
r i c e  w ith  th e  t h r e e  above m entioned r e a g e n t s  and found 
s o l i d s  l o s s  i n  wet pack cans  t o  be 6 .1 0 ,  5 .1 5 ( and 6 .2 1*% 
r e s p e c t i v e l y .  These r e s u l t s  were f a r  lo w er th a n  th o s e  r e ­
p o r te d  f o r  any o f  t h e  p a r b o i le d  v a r i e t i e s  e v a lu a te d  by 
Webb and A d air  (47) f o r  cann ing  s t a b i l i t y .  In  a d d i t i o n  t o  
l e s s  l e a c h in g  o f  s ta r c h y  m a te r i a l  in  t h e  c r o s s - l i n k e d  sam­
p l e s ,  w a te r  u p tak e  was l i m i t e d  so t h a t  t h e  t e x t u r e  and ap ­
pea ran ce  o f  f r e s h l y  cooked r i c e  was r e t a i n e d .  S u b je c t iv e  
e v a lu a t io n  by 10 Judges d em o n s tra ted  a p re fe re n c e  f o r  
t r e a t e d  r i c e  o v e r  u n t r e a te d  w ith  r e g a rd  t o  c o l o r ,  c o h e s iv e ­
n e s s ,  f l a v o r ,  d o n en ess , and g e n e ra l  a p p e a ra n c e .
R e t ro g ra d a t io n
In  1644 S ch a r in g  (59) observed  t h a t  an  unexpected  
f r e e s e  caused  h i s  s t a r c h  p a s te  t o  l o s e  i t s  m o is tu re  and 
t h a t  t h e  s o l i d  m a te r i a l  l e f t  a f t e r  d ry in g  was porous and 
p a p e r l ik e ,  re se m b lin g  a sponge. I t  a p p e a rs  t h a t  L in d e t  
(60) i n  1902 co ined  th e  te rm  " r e t r o g r a d a t i o n 1' t o  d e s c r ib e  
th e  change which took  p la c e  when b re ad  s t a l e d .  In  1905 
Maquenne and Roux (61) b roadened  th e  d e s ig n a t io n  t o  in c lu d e  
th e  g ra d u a l  in c r e a s e  i n  v i s c o s i t y  and o p a c i ty  o f  s t a r c h  
p a s te s  and s o l u t i o n s ,  t h e  sp o n tan eo u s  p r e c i p i t a t i o n  o f  
s t a r c h  from s o l u t i o n ,  and th e  i r r e v e r s i b l e  g e l a t i o n  o f  
aqueous s t a r c h  sy s tem s . Schoch (4) ex tended  th e  te rm  f a r ­
t h e r  y e t ,  so t h a t  i t  a p p l i e s  t o  a l l  c a s e s  where s t a r c h  has
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a ten d en cy  t o  r e v e r t  t o  I n s o lu b le  form . Among th e s e  c a s e s  
a r e  th e  p r e c i p i t a t i o n  o f  s t a r c h  by t h e  a d d i t i o n  o f  a lc o h o l  
o r  by t h e  rem oval o f  a p e p t i s i n g  e l e c t r o l y t e  when s t a r c h  i s  
d i s s o lv e d  i n  i t ,  t h e  i n s o l u b i l i z a t i o n  o f  s t a r c h  by f r e e z i n g  
o r  d ry in g  (a s  i n  t h e  s k in  fo rm a tio n  on p a s t e s ) ,  and i t s  
n a t u r a l  d e p o s i t io n  from a g in g  s o l u t i o n s .  W h is t l e r  (62) 
e x p re sse d  a b e l i e f  t h a t  th e  te rm  " r e t r o g r a d a t i o n ” shou ld  
be used  o n ly  t o  r e f e r  t o  t h e  in h e r e n t  ten d en c y  o f  s t a r c h  
m o lecu le s  t o  bond w ith  one a n o th e r  by seco n d a ry  f o r c e s  t o  
a c h ie v e  a s e m i - c r y s t a l l i n e  s t a t e  c h a r a c t e r i z e d  by a ”B" x -  
ra y  d i f f r a c t i o n  p a t t e r n .  He s t a t e d  t h a t  r e t r o g r a d a t i o n  i s  
t h e  r e s u l t  o f  an a t te m p t  a t  c r y s t a l l i z a t i o n  on th e  p a r t  o f  
l a r g e ,  unw ieldy  m o le c u le s .  K. Meyer (3 ) ,  how ever, s t a t e d  
t h a t  t h e  word " r e t r o g r a d a t i o n "  a s  a p p l i e d  t o  s t a r c h  beha­
v i o r  i s  red u n d an t and u n n e c c e ssa ry  and t h a t  i t s  r e p l a c e ­
ment w ith  t h e  te rm  " c r y s t a l l i z a t i o n "  would a l l e v i a t e  some 
o f  t h e  c o n fu s io n .  D e sp i te  th e  numerous o p in io n s  on seman­
t i c s ,  r e t r o g r a d a t i o n  has  n o t been d e s c r ib e d  a s  a d i s c r e t e  
m o lecu la r  ev e n t  o r  q u a n t i f i e d  on an  a b s o lu te  m o le c u la r  b a s i s .  
W hile s t u d i e s  on th e  o b s e r v a t io n ,  a p p l i c a t i o n ,  o r  p reven­
t i o n  abound, d i s c u s s io n s  o f  t h e  a c t u a l  phenomenon a r e  l i m i ­
te d  t o  g e n e r a l i t i e s .
B asing  h i s  th e o r y  on t h e  m i c e l l a r  s t r u c t u r e  o f  s t a r c h ,  
Meyer (3) e x p la in e d  r e t r o g r a d a t i o n  a s  a re c o v e ry  o f  a s s o ­
c i a t i v e  te n d e n c ie s  which have been overcome by s w e l l in g .
W hile r e c e n t  works have r e f e r r e d  t o  h y d r a t io n  and g e l a t i n i -
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z a t io n  o f  s t a r c h  a s  a netw ork fo rm a tio n  o f  hydrogen bonds, 
i t  h a s  o n ly  been t e n t a t i v e l y  s u g g e s te d  t h a t  g e l a t i n i z a t i o n  
may indeed  be a hydrogen bond ing  phenomenon based  upon a 
r e l a t e d  change o b s e rv a b le  i n  t h e  i n f r a r e d  spec trum  (24)* 
T h e r e fo re ,  r e t r o g r a d a t i o n  i s  assumed t o  be a l o s s  o f  bound 
w a te r ,  which h a s  n o t y e t  been a c t u a l l y  d em o n stra ted  t o  be 
p r e s e n t .  I t  i s  however known t h a t  t h e  p ro c e s s  i s  one o f  
c r y s t a l l i z a t i o n  d u r in g  which t h e  sys tem  moves tow ard  a more 
therm odyn am ica lly  s t a b l e  c o n d i t io n .
In  d i l u t e  s o l u t i o n ,  h ig h ly  s o lv a te d  s t a r c h  m o lecu le s  
a r e  b ro ugh t t o g e t h e r  by th e  k i n e t i c  ene rgy  o f  t h e  sys tem , 
whereupon a p a r t  o f  t h e  a t t a c h e d  s o lv e n t  i s  l o s t  and th e  
segm ents a r e  h e ld  by in t e r m o le c u la r  f o r c e s .  As rem a in in g  
p a r t s  o f  t h e  same m o lecu le s  move i n t o  p ro x im ity  w ith  each 
o t h e r ,  f u r t h e r  r e in fo rc e m e n t  would o cc u r  a s  segm ents p a r a l ­
l e l  and bond. T h is  i n i t i a l  s t e p ,  a p ro c e s s  o f  n u c l e a t io n ,  
cou ld  th e n  i n s t i g a t e  t h e  a s s o c i a t i o n  o r  d e p o s i t i o n  o f  o t h e r  
m o le c u la r  segm en ts . In  t h i s  m anner, c o l l o i d a l  p a r t i c l e s  
a r e  form ed. These sm a ll  p a r t i c l e s  grow a s  Brownian move­
ment l e s s e n s  and i s  f i n a l l y  l o s t .  U l t im a te ly ,  th ro u g h  con­
t in u e d  d e p o s i t i o n  o f  m o lecu le s  by c o a l i t i o n  w ith  o th e r  p a r ­
t i c l e s ,  t h e  b u n d les  a t t a i n  s u f f i c i e n t  s i z e  f o r  p r e c i p i t a ­
t i o n  t o  o c c u r .
Schoch ( 4 ) s t a t e d  t h a t  r e t r o g r a d a t i o n  o c c u rs  because  
t h e  a s s o c i a t i v e  f o r c e s  o p e r a t in g  between th e  s t a r c h  m ole­
c u le s  a r e  more pow erfu l th a n  t h e  a f f i n i t y  o f  s t a r c h  f o r
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w a te r ,  t h u s  l i m i t i n g  h y d r a t io n  on ly  t o  t h e  a t t a in m e n t  o f  
m e ta s ta b le  g e l s ,  o r  w i th  d i f f i c u l t y ,  c o l l o i d a l  s o l u t i o n s .
More com plete  d i s s o c i a t i o n  o f  t h e  s t a r c h  m o lecu le s  can on ly  
be accom plished  by s o lv e n t s  w ith  a h ig h e r  d i e l e c t r i c  con­
s t a n t  th a n  w a te r ,  c a p a b le  o f  overcom ing th e  i n t e r m o le c u la r  
f o r c e s .
S in ce  g e l  fo rm a tio n  i s  dependen t upon t h e  am ylose and 
a m y lo p e c t in  m o lecu le s  becoming in v o lv ed  in  c r y s t a l l i n e  mi­
c e l l e s  u n i te d  by m o le c u la r  f i l a m e n t s ,  r e t r o g r a d a t i o n  o f  
g e l s  may be o b se rv ed  a s  a c o n t in u a t io n  o f  t h i s  same phe­
nomenon. X -ray  pho to g raph s  d e m o n s tra te  t h a t  t h e  i n t e n s i t y  
o f  t h e  c r y s t a l l i n e  p a t t e r n  i n c r e a s e s  a s  r e t r o g r a d a t i o n  p ro ­
g r e s s e s  (6 2 ) ,  b u t  an  e v e r  p r e s e n t  d i f f u s e  h a lo  i n d i c a t e s  
t h a t  a p a r t  o f  t h e  s t a r c h  rem ain s  i n  t h e  amorphous c o n d i­
t i o n .  The B x - r a y  p a t t e r n ,  r e p r e s e n t i n g  a c r y s t a l l i n e  s t a t e ,  
i s  th o u g h t  t o  d e p ic t  s t a r c h  m o lecu le s  i n  an ex ten d ed  un­
c o i l e d  form .
B irch  i n  1972 (24) p o s tu la t e d  t h a t  i f  r e t r o g r a d a t i o n  
r e s u l t s  from th e  re p la cem en t o f  s t a r c h  h y d ro x y l-w a te r  bonds 
by i n t r a -  o r  i n t e r m i c e l l a r  h y d ro x y l-h y d ro x y l  bo nds , th e  
p ro c e s s  sh o u ld  t a k e  p la c e  i n  t h e  t h r e e  fo l lo w in g  s t a g e s :
1 . c h a in  s t r e t c h i n g  due t o  t h e  b re a k in g  o f  i n t e r ­
m o le c u la r  bonds which m a in ta in  t h e  h e l i c a l  con­
f i g u r a t i o n s ;
2. l o s s  o f  bound w a te r ,  fo l lo w e d  by a s u i t a b l e  r e ­
o r i e n t a t i o n  o f  t h e  m o le c u le s ;  and
3 . hydrogen  bond fo rm a tio n  betw een a d ja c e n t  m o le c u le s .
S te p s  1 and 2 a r e  endo therm ic  and 3 i s  ex o th e rm ic . In  sup­
p o r t  o f  h i s  t h e o r y ,  B irch  found t h a t  t h e  te m p e ra tu r e  changes
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r e g i s t e r e d  in  t h e  c e n te r  o f  a b a l l  o f  dough p laced  in  an 
environm ent o f  c o n s ta n t  am bien t te m p e ra tu re  I n d ic a te d  t h a t  
an  endo therm ic  r e a c t i o n  was re p la c e d  a f t e r  1 h o u r  by one in  
which energy  was r e l e a s e d .
Bachrach and B rig g s  (63) made a s t a r t l i n g  d isc o v e ry  
r e g a rd in g  th e  r o l e  o f  bound w a te r  i n  r e t r o g r a d e d  s t a r c h .
In  an  a t te m p t  t o  d e te rm in e  w hether th e  s t i f f e n i n g  o f  b read  
crumb upon a g in g  was due t o  a d e c re a s e  in  t h e  a v a i l a b i l i t y  
o f  w a te r  to  a c t  a s  a p l a s t i c i z i n g  medium in  which r e l a t i v e  
movement o f  th e  nonw ater p a r t i c l e s  cou ld  o c c u r ,  th e y  con­
s i s t e n t l y  found th e  s t a l e  crumb t o  b ind  a sm a ll  b u t d e f i ­
n i t e  amount o f  w a te r  more th a n  t h e  f r e s h .  They concluded 
t h a t  t h e  m agnitude o f  t h i s  change was i n s u f f i c i e n t  t o  sup­
p o r t  t h e i r  o r i g i n a l  t h e o r y ,  b u t were i n t r i g u e d  by th e  im­
p l i c a t i o n s  o f  t h e i r  f i n d i n g s .  F u r th e r  s t u d i e s  w ith  p u r i ­
f i e d  am yloses and b read  d em o n s tra ted  t h a t  p o ta to  am ylose 
bound ab o u t 0 .03 5  g . more w a te r  pe r  gram when r e t r o g r a d e d  
th a n  th e  co r re sp o n d in g  n o n re tro g ra d e d  am ylose . R e tro g ra d ed  
wheat am ylose bound abo u t 0 .025  g . more m o is tu re  p e r  gram 
th a n  n o n re tro g ra d e d  wheat am ylose; whole wheat s t a r c h  bound 
only  0 .015  g. more w a te r  per gram th a n  n o n re tro g ra d e d  wheat 
s t a r c h ,  and th e  co r re sp o n d in g  v a lu e  f o r  s t a l e  v e r s u s  f r e s h  
b read  crumb was 0 .0 1 0  g . w a te r  p e r  gram. T h is  e v id e n c e ,  
w h ile  in c o n c lu s iv e ,  su p p o rted  th e  th e o ry  t h a t  c r o s s - l i n k ­
ages  formed d u r in g  th e  r e t r o g r a d a t i o n  o f  s t a r c h  a r e  accom­
pan ied  by a s t r o n g  f i x a t i o n  o f  some w a te r  m o lecu le s  i n  th e
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r e g io n  o f  t h e  bond. T h is  "b in d in g "  o f  from  1-3 m o lecu le s  
per 10 g lu c o se  u n i t s , w ith  am ylose c a p a b le  o f  f i x i n g  more 
w a te r  th a n  n a t i v e  s t a r c h e s  cou ld  mean t h a t  c r o s s - l i n k i n g  
a c t u a l l y  o c c u rs  th ro u g h  a w a te r  m olecu le  o r  m ere ly  t h a t  
w a te r  i s  v e ry  s t r o n g ly  a d so rb e d  in  t h e  r e g io n  o f  t h e  bond. 
The f a c t  t h a t  t h e  s t r e n g t h  o f  b in d in g  o f  t h i s  w a te r  i s  h ig h ,  
b u t weaker th a n  a t r u e  chem ica l bond, i s  i n d i c a t e d  by t h e  
r e l a t i v e  v ap o r  p r e s s u r e ,  below 0 .0 5  b u t above ze ro  R .V .P . ,  
r e q u i r e d  t o  remove i t .
The o bserved  e f f e c t s  o f  s t a r c h  r e t r o g r a d a t i o n  in  p a s t e s  
and s o l u t i o n s  have been numerous. I n s o lu b le  s k in s  on h o t  
p a s t e s ,  p r e c i p i t a t i o n  o f  s t a r c h  from s o l u t i o n ,  o r  th e  s o l i ­
d i f i c a t i o n  o f  a p a s te  t o  a g e l  a r e  some exam ples o f  r e t r o ­
g ra d a t io n  which have been th e  cau se  o f  i n d u s t r i a l  problem s 
(6 2 ) .  S y n e re s i s  may a l t e r  p a s te  t e x t u r e .  The r a t e  and 
e x te n t  o f  r e t r o g r a d a t i o n  have been found to  be dependent 
on bo th  p h y s ic a l  and chem ica l f a c t o r s  such a s  te m p e ra tu r e ,  
c o n c e n t r a t io n  o f  th e  s t a r c h ,  m o le c u la r  s i z e  and sh ap e , and 
th e  p re sen ce  o f  chem ica l a g e n ts .
S tu d ie s  by Maquenne (62) on 5% p o ta to  s t a r c h  p a s te s  
showed t h a t  between 36 and 0 ° C . , t h e  r a t e  o f  r e t r o g r a d a t i o n  
in c re a s e d  r a p id l y  a s  th e  te m p e ra tu re  was lo w ered . He l a t e r  
concluded  t h a t  e x te n s iv e  r e t r o g r a d a t i o n  to o k  p lace  a t  4°C. 
F re e z in g  o f  s t a r c h  s o l u t i o n s  caused th e  s t a r c h  t o  s e p a r a t e  
o u t and rem ain  a s  a f i b r o u s  and f l o c c u le n t  coagulum a f t e r  
b e in g  thaw ed. F ro zen , thawed and warmed s t a r c h e s  were f a r  
more in s o lu b le  th a n  th o s e  u n a l t e r e d  by slow f r e e z i n g ,  bu t
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t a p io c a  and waxy co rn  s t a r c h e s  produced no I n s o lu b le  m ate­
r i a l .
A lthough sm a ll  v a r i a t i o n s  around t h e  n e u t r a l  p o in t  d id  
no t a f f e c t  t h e  r a t e  o f  r e t r o g r a d a t i o n ,  low c o n c e n t r a t io n s  
o f  s t r o n g  a c id s  such a s  s u l f u r i c ,  h y d ro c h lo r ic  o r  p e r c h lo r i c  
in c re a s e d  r e t r o g r a d a t i o n  r a t e .  Maximum r a t e  occu red  a t  pH 
2 and was a p p ro x im a te ly  f o u r  t im e s  t h a t  a t  pH 6 (6 2 ) .
The f a c t o r  which had most b e a r in g  on s t a r c h  r e t r o g r a ­
d a t io n  was l i n e a r  (am ylose) c o n te n t .  The l e n g th  o f  i n t e r -  
m o le c u la r ly  bonded segm ents  g r e a t l y  in f lu e n c e d  th e  p o s s i ­
b i l i t y  o f  r e v e r s a l  due t o  h e a t  t r e a tm e n t .  F or example, 
h e a t in g  a t  50-60°C. was s u f f i c i e n t  t o  overcome a m y lo p ec t in  
a s s o c i a t i v e  bonding becau se  o f  i t s  a v e ra g e  le n g th  o f  25-30 
g lu c o se  u n i t s  p e r  b ra n c h , b u t  t o  r u p t u r e  th e  bonding  o f  
am ylose polym ers o f  ov er  100 u n i t s ,  a u to c la v in g  a t  tem p era ­
t u r e s  o f  140-150°C. would be r e q u i r e d  f o r  d i s s o l u t i o n  to  
t a k e  p la c e  (6/*). B es id es  am ylose c o n te n t ,  t h e r e  i s  a c r i ­
t i c a l  s i z e  o f  m o lecu le ,  c o r re sp o n d in g  t o  reduced  v i s c o s i ­
t i e s  o f  0 .4 5  to  0 .5 6 ,  f o r  which r e t r o g r a d a t i o n  r a t e s  a r e  
maximum. S m alle r  m o lecu les  r e t r o g r a d e  more s lo w ly ,  p o s s ib ly  
due to  t h e i r  s o l u b i l i t y ,  w h i le  l a r g e r  m o lecu le s  a r e  th o u g h t  
t o  be h in d e re d  by t h e i r  more k in k e d , c o i l e d  and co n v o lu ted  
s t r u c t u r e s .
In  a n a t iv e  s t a r c h  d i s p e r s i o n ,  t h e  r e t r o g r a d a t i o n  o f  
am ylose i s  r e t a r d e d  by t h e  p re se n ce  o f  a m y lo p e c t in ,  b u t in  
pure am ylose d i s p e r s i o n s ,  th e  r e t r o g r a d a t i o n  i s  so r a p id
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t h a t  much o f  i t  w i l l  p r e c i p i t a t e  i n  one day . T h is  may 
co n t in u e  u n t i l  a l l  i s  removed from s o l u t io n  ( 6 ) .  In  d i s ­
p e r s io n s  o f  t a p i o c a ,  a r ro w ro o t ,  and w h ite  p o ta to  s t a r c h e s  
an i n i t i a l  r a p id  p r e c i p i t a t i o n  o f  am ylose o c c u r s ,  but o th e r  
s t a r c h e s  do n o t e x h i b i t  t h i s  p r e f e r e n t i a l  p r e c i p i t a t i o n  and 
th e  d e p o s i te d  m a t e r i a l  i s  o f  abou t th e  same co m p o s it io n  as  
th e  n a t iv e  s t a r c h  (6 2 ) .
Loewus and B rig g s  (65) found a m o le c u la r  w eigh t o f  900 
to  be o p t im a l  f o r  r e t r o g r a d a t i o n ,  and t h a t  th e  t im e  r e q u i r e d  
t o  r e a c h  a c e r t a i n  l e v e l  o f  a s s o c i a t i o n  i s  i n v e r s e ly  r e l a t e d  
to  t h e  sq u a re  o f  t h e  am ylose c o n c e n t r a t io n .
In  1936, Woodruff and MacMasters (66) s tu d ie d  th e  mi­
c ro sc o p ic  ap p e a ran c e  o f  co rn  and wheat s t a r c h  g e l a t i n i z e d  
a t  v a r io u s  t e m p e r a tu r e s ,  th e n  f ro z e n .  They found t h a t  s t a r c h  
p a s te s  s u b je c te d  to  f r e e z i n g  n ea r  th e  f r e e z i n g  p o in t  ( -3 °C .)  
could  be made to  lo o s e n  t h e i r  ho ld  on im bibed w a te r  t o  such 
an e x te n t  t h a t  t h e  w a te r  could  be squeezed  by hand from th e  
r e s u l t a n t  f i b r o u s ,  spongy s t r u c t u r e .  These changes in  
s t a r c h  due t o  f r e e z i n g  o f  th e  p a s te s  were dem o n stra ted  mi­
c r o s c o p ic a l ly  by th e  ap p earan ce  o f  heavy e lo n g a te d  v e in in g  
in  f ro z e n  sam ples and a n is o t ro p h y  between c ro sse d  n i c o l s .
I t  was ob served  t h a t  w h ile  s t a r c h  p a s te s  r a p id l y  f ro z e n  a t  
th e  te m p e ra tu re  o f ca rbon  d io x id e  d id  n o t d em o n s tra te  th e  
f i b e r s  c h a r a c t e r i s t i c  o f  r e t r o g r a d a t i o n ,  t h e  s t a r c h  g r a in s  
d id  seem t o  assume a c h a i 'n l ik e  a rrangem en t a s  th e  w a te r  
was f ro z e n  o u t .  The a u th o r s  t h e o r i z e d  t h a t  such a c h a in -
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l i k e  a rran g em en t i n  w a te ry  su sp e n s io n  was p e rh ap s  what t h e  
f o r c e s  were s t r i v i n g  f o r  i n  c l o s e l y  packed , c o m p le te ly  sw ol­
l e n  s t a r c h  g r a in s  o f  a s t i f f  g e l  a t  t h e  t im e  t h e  a n i s o t r o -  
ph ic  s t r a n d s  a p p e a r .  P ho tom icrog raphs  made betw een  c ro s s e d  
n i c o l s  showed t h i s  r e g a in e d  a n is o t ro p h y  a f t e r  r e t r o g r a d a ­
t i o n  due t o  f r e e z in g  i n  b o th  wet and d ry  mounts o f  t h e  
s t a r c h e s .
Roseman (6 7 ) p o s tu la t e d  t h a t  f r e e a i n g  o f  r i c e  g r a in s  
would r e s u l t  i n  o p en in g s  th ro u g h o u t  t h e  g r a in s  and a l t e r  
t h e i r  h y d r a t io n  c h a r a c t e r i s t i c s .  He used  R exoro , a lo n g -  
g r a in e d ,  h ig h  am ylose c o n te n t  r i c e  t o  e s t a b l i s h  optimum 
c o n d i t io n s  o f  t r e a tm e n t  f o r  h y d r a t io n ,  f r e e z i n g  t e c h n iq u e  
and d ry in g  p ro c e d u re s .  Samples which had been  h y d ra te d  t o  
above 60% m o is tu r e ,  f r o z e n ,  h e ld  a t  1 .7 °C . and d r i e d  i n  a 
w e l l  v e n t i l a t e d ,  u nh ea ted  l a b o r a to r y  hood were c h a lk y ,  l a r ­
g e r  th a n  t h e  u n fro z e n  c o n t r o l  and had a u n ifo rm ly  spongy 
t e x t u r e  which g r e a t l y  f a c i l i t a t e d  r e h y d r a t i o n .  S tu d ie s  on 
o th e r  v a r i e t i e s  o f  r i c e  showed waxy ty p e s  t o  be u n a l t e r e d  
by t h e  p ro c e s s  and s h o r t  and medium g r a in s  t o  be a l t e r e d  
o n ly  s l i g h t l y .  Of f o u r  long  g r a in  v a r i e t i e s  t e s t e d ,  o n ly  
Toro was found t o  be u n s u i t a b l e .  D i f f e r e n c e s  i n  w a te r  up­
ta k e  and c h a lk in e s s  among th e  long  g ra in e d  v a r i e t i e s  showed 
t h a t  bo th  t h e  r a t e  and e x te n t  o f  r e t r o g r a d a t i o n  were a f ­
f e c t e d  by t h e  a v e ra g e  s i z e s  o f  th e  am ylose m o lecu le s  and 
a l s o  by q u a n t i t a t i v e  d i f f e r e n c e s  i n  c o n te n t .
A " f re e z e - th a w "  t r e a tm e n t  f o r  t h e  p ro d u c t io n  o f  q u ic k -
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cooking  r i c e  was p a te n te d  by K e n e a s te r  and Newlin (63) and 
a s s ig n e d  t o  Uncle B e n 's ,  I n c .  o f  H ouston , Tex. In  t h i s  
p ro c e ss  th e  h y d ra te d  r i c e  i s  r e f r i g e r a t e d  t o  t h e  p o in t  o f  
f r e e z i n g  (0 ° C .) and h e ld  a t  t h i s  te m p e ra tu r e  from 1 t o  3 
h r s .  During t h e  slow f r e e z i n g ,  l a r g e  i c e  c r y s t a l s  a r e  
formed which a r e  th o u g h t  t o  b re ak  down t h e  c o l l o i d a l  s t a r ­
chy s t r u c t u r e  and produce a porous k e r n e l  which r e a d i l y  a b ­
s o rb s  w a te r .  A f te r  t h e  s lo w - f r e e z e  s t a g e ,  a r a p id  tem p e ra ­
t u r e  d rop  a s s u r e s  com plete  f r e e z i n g  o f  a l l  t h e  m o is tu re  in  
th e  v e g e ta b le .  The r i c e  i s  s lo w ly  thawed a t  room tem p e ra ­
t u r e  and d r ie d  in  fo r c e d  a i r  a t  a  te m p e ra tu r e  o f  43°C.
T h is  t r e a tm e n t  y i e l d s  a p ro d u c t re se m b lin g  whole g r a in  r i c e  
w ith  w h i te ,  w e l l - ro u n d e d  and unbroken k e r n e l s .  M o d if ic a ­
t i o n s  o f  t h e  f r e e z e - th a w  p ro c e s s  have a l s o  been a p p l i e d  t o  
beans and m acaroni t o  produce good q u a l i t y  q u ic k -c o o k in g  
p ro d u c ts .
E v a lu a t io n  o f  R ice
W hile much in fo rm a t io n  i s  a v a i l a b l e  f o r  t h e  e v a lu a t i o n  
o f  raw and c o n v e n t io n a l ly  cooked r i c e ,  l i t t l e  has  been pub­
l i s h e d  r e g a r d in g  t h e  means o f  s e l e c t i n g  r i c e  f o r  c a n n in g , 
b u t a p p l i c a t i o n s  o f  t h e  a v a i l a b l e  m ethods o f  e v a lu a t i o n  
have been u t i l i z e d  on canned p ro d u c ts .
Rao e t  a l .  (13) re c o rd e d  t h e  w a te r  a b s o r p t io n  a s  sw e l­
l i n g  number o r  t h e  w e ig h t o f  w a te r  im bibed by r i c e  when 
cooked in  e x c e ss  w a te r  93°C. u nder s ta n d a rd  c o n d i t i o n s .
A c lo s e  a s s o c i a t i o n  between am ylose c o n te n t  o f  r i c e  and
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i t s  a w e l l in g  number was fou n d . He r e p o r t e d  t h a t  r i c e  hav­
in g  a h ig h  s w e l l in g  number was p r e f e r r e d  by t h e  consumer 
and t h a t  s w e l l in g  number cou ld  be c o n s id e re d  an  in d ex  to  
t h e  q u a l i t y  o f  m i l l e d  r i c e .  W ater u p tak e  r a t i o ,  cooked 
w eigh t d iv id e d  by raw w e ig h t ,  was r e p o r t e d  by Dawson e t  a l .  
(69) t o  be n e g a t iv e ly  c o r r e l a t e d  t o  c o h e s iv e n e s s .
Hogan and P lank (70) d e te rm in ed  th e  w a te r  a b s o r p t io n  
v a lu e  and t h e  c o n te n t  o f  s o l i d s  and d i s s o lv e d  m a t e r i a l s  
ta k e n  i n t o  t h e  t r e a t i n g  w a te r s  o f  10 d i f f e r e n t  v a r i e t i e s  
o f  m i l le d  r i c e .  They r e p o r t e d  t h a t  a g r e a t  l o s s  o f  s o l i d s  
was o b ta in e d  w i th  v a r i e t i e s  which cook t o  a  s t i c k y  m ass.
Low v a lu e s  were r e c o rd e d  w ith  lo ng  g r a in  v a r i e t i e s  p r e f e r r e d  
f o r  cook ing  q u a l i t y  and k e r n e l  s e p a r a t i o n .  T h e r e fo re ,  by 
t h i s  t e s t ,  t h e  lo n g ,  medium and s h o r t  g r a in s  were d i s t i n ­
g u ish ed  by p h y s ic a l  d e te r m in a t io n .
S ta n d a rd iz e d  p ro c e d u re s  f o r  cook ing  r i c e  i n  l a r g e  and 
sm a ll  q u a n t i t i e s  and t e n t a t i v e  methods f o r  m easu ring  p h y s i­
c a l  and chem ica l c h a r a c t e r i s t i c s  o f  e ig h t  v a r i e t i e s  o f  r i c e  
were deve loped  by B a tc h e r  e t  a l .  ( 7 1 ) .  The t e s t s  in d i c a t e d  
t h a t  lon g  g r a i n  r i c e  ab so rb e d  more w a te r  and t h e  cooked 
g r a in  had g r e a t e r  volume th a n  e i t h e r  medium o r  s h o r t  g r a in  
r i c e s .  T here  was l e s s  s o l i d  m a t e r i a l  i n  t h e  r e s i d u a l  cook­
in g  l i q u i d  from t h e  lo n g  g r a in  r i c e .  A ccord ing  t o  t h e  a u ­
t h o r s ,  a h ig h ly  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  e x i s t e d  
betw een t h e  w a te r  u p tak e  r a t i o  and c o h e s iv e  s c o r e .  T o ta l  
s o l i d s  in  t h e  r e s i d u a l  cooking  l i q u i d  was h ig h ly  s i g n i f i c a n t
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b u t  n e g a t iv e ly  c o r r e l a t e d  w ith  c o h e s iv e  s c o r e .  W ater up­
ta k e  r a t i o  and f l a v o r  were a l s o  r e l a t e d ,  w ith  h ig h  w a te r  
u p tak e  r e s u l t i n g  i n  l e s s  o f f  f l a v o r .
H a lick  and K e n e a s te r  (72) r e p o r t e d  t h a t  a s t a r c h - i o -  
d in e  b lu e  t e s t ,  t o  m easure t h e  i n t e n s i t y  o f  b lu e  c o lo r  de ­
v e lo p ed  by th e  a d d i t i o n  o f  d i l u t e  io d in e  s o l u t i o n  t o  w a te r  
i n  which brown r i c e  had been  t r e a t e d ,  was i n d i c a t i v e  o f  
r i c e  q u a l i t y .  The i n t e n s i t y  o f  t h e  c o lo r  produced by th e  
a d d i t i o n  o f  io d in e  was an  in d ex  o f  th e  am ylose le a c h e d  o r  
d i f f u s e d  from ground r i c e  u nder t h e  c o n d i t io n s  o f  th e  t e s t .  
V a r i e t i e s  known t o  be o f  s u p e r i o r  q u a l i t y  gave t h e  lo w es t  
r e a d in g s .  They r e p o r te d  t h e  e x i s t e n c e  o f  a c o r r e l a t i o n  
between th e  r e s u l t s  o f  t h i s  method and a c t u a l  cook ing  t e s t s .
Nava {73) r e p o r te d  a p r e c i p i t a t i o n  t e c h n iq u e  a s  a 
q u a l i t y  i n d i c a t o r  o f  p o l i s h e d  r i c e .  T h is  te c h n iq u e  i n ­
v o lved  th e  a d d i t i o n  o f  1 ml. o f  d i l u t e d  s u l f u r i c  a c id  (1 :1 )  
t o  w a te r  s o lu b le  am ylose and a m y lo p e c t in  s u sp e n s io n  e x t r a c ­
te d  from one gram o f  m i l le d  r i c e .  He r e p o r t e d  t h a t  r i c e  
q u a l i t y  was d i r e c t l y  p r o p o r t io n a l  t o  t h e  s i z e  o f  th e  s u s ­
pended am ylose p a r t i c l e s  and t o  t h e  t r a n s p a r e n c y  o f  th e  
s u p e rn a ta n t  o f  th e  am y lo p ec tin  s u s p e n s io n ,  b u t was i n v e r s e ­
l y  p r o p o r t io n a l  to  t h e  volume o f  t h e  p r e c i p i t a t e d  am ylopec­
t i n .  By t h i s  m ethod, t h e  a u th o r  was a b le  t o  c l a s s i f y  th e  
cooking  q u a l i t y  o f  r i c e s  i n t o  one o f  f i v e  c a t e g o r i e s ,  r a n ­
g in g  from good t o  poor.
Warth and D a ra b s e t t  (74) r e p o r te d  t h a t  r i c e  k e r n e l s
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o f  d i f f e r e n t  v a r i e t i e s  o f  r i c e  d i s i n t e g r a t e d  i n  a l k a l i  
s o l u t io n  in  a c o n s i s t e n t  o r d e r .  K ernel d i s i n t e g r a t i o n  and 
g e l a t i n l z a t i o n  were com pleted in  some v a r i e t i e s  in  24 h o u rs ,  
b u t in  o th e r s  i t  was in co m p le te  a s  In d ic a te d  by a d i f f u s e d  
w h ite  a r e a  a d ja c e n t  t o  t h e  k e r n e l s .  Jo n es  (75) r e p o r te d  
an a s s o c i a t i o n  betw een k e r n e l  d i s i n t e g r a t i o n  i n  a 2,6% 
po tassium  h y d ro x id e  s o l u t i o n  and t h e  cook ing  q u a l i t y  o f  
r i c e .  He found t h a t  t h e  te m p e ra tu re  d u r in g  t h e  t im e  o f  
t r e a tm e n t  a f f e c t e d  th e  d eg ree  o f  d e g r a d a t io n ,  b u t  n o t a l l  
v a r i e t i e s  re sponded  s i m i l a r l y .
L i t t l e  e t  a l .  (27) deve loped  a seven  p o in t  n um erica l 
s c a l e  f o r  s p re a d in g  and c l e a r i n g  o f  w h ite  m i l l e d  r i c e  k e r ­
n e l s  t h a t  had been in  a 1,7% p o tass iu m  h y d ro x id e  s o l u t i o n  
f o r  23 h o u rs .  S l i g h t  t o  m odera te  s p re a d in g  and c l e a r i n g  
were c h a r a c t e r i s t i c  o f  most lo n g  g r a in  v a r i e t i e s  and a more 
s e v e re  d e g r a d a t io n  was w i tn e s s e d  f o r  medium and s h o r t  g r a i n s .  
For s p re a d in g ,  k e r n e l s  t h a t  were n o t  a f f e c t e d  were s c a le d  
a s  1 and th o s e  t h a t  d i s p e r s e d  and in te rm in g le d  were s c a le d  
7 . He observed  t h a t  v a lu e s  f o r  s p re a d in g  and c l e a r i n g  were 
n e g a t iv e ly  c o r r e l a t e d  w ith  p an e l  s c o r e s  f o r  c o h e s iv e n e s s .
Webb and A dair  (47) recommended t h a t  p a rb o i le d  r i c e  be 
e v a lu a te d  f o r  cann ing  s t a b i l i t y  a f t e r  a precook o f  20 mln. 
and a u to c la v in g  f o r  1 h r .  a t  15 p . s . i . g .  They sc o re d  p a r ­
b o i l e d  r i c e  sam ples s u b j e c t i v e l y  a c c o rd in g  t o  b ro th  t u r b i d ­
i t y  and k e r n e l  s p l i t t i n g  and f r a y in g  o f  t h e  edges  and ends 
by a s s ig n in g  v a lu e s  from 1-5 (minimum t o  maximum) t o  t h e
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r i c e  v a r i e t i e s  t e s t e d .  O b je c t iv e  e v a lu a t io n  was accom­
p l i s h e d  by d e te rm in in g  t h e  amount o f  s o l i d s  l o s t  i n  cann ing  
th e  r ic e *  w i th  r e l a t i v e l y  low l o s s  o f  s o l i d s  i n d i c a t i n g  
s a t i s f a c t o r y  s t a b i l i t y .  S o l id s  l o s s  was d e te rm in ed  by 
f i r s t  washing t h e  c o n te n t s  o f  t h e  can o v e r  a l / l 6  i n .  w i re -  
mesh s c r e e n .  The p o r t io n  r e t a in e d  by t h e  s c r e e n  was sp read  
on f i l t e r  paper and d r i e d  in  a fo rc e d  a i r  oven . S o l id s  
l o s s ,  o b ta in e d  by c a l c u l a t i n g  th e  d i f f e r e n c e  i n  w eigh t b e­
tween th e  d ry  m a t te r  c o n te n t  o f  t h e  o r i g i n a l  p a rb o i le d  sam­
p le  and th e  d ry  m a t te r  c o n te n t  o f  t h e  sample r e t a i n e d  by 
th e  s c r e e n ,  gave an  e f f e c t i v e  means o f  com parison  o f  th e  
r i c e  sam ples f o r  cann ing  s t a b i l i t y .  V a r i e t i e s  showing r e l a  
t i v e l y  low s o l i d s  l o s s  {20# o r  l e s s )  had th e  c l e a r e s t  b ro th  
and l e a s t  damaged k e r n e l s ,  so were judged s u i t a b l e  f o r  can­
n in g .
MATERIALS AND METHODS
Samples
Throughout t h e  s tu d y ,  a c a n n e rvs  g ra d e  o f  lo n g  g r a in  
p a rb o i le d  r i c e  mas used a s  t h e  c o n t r o l  and Uncle B e n 's  
q u ic k -c o o k in g  r i c e  was used  a s  t h e  f r e e z e - th a w  t r e a t e d .  
S in ce  t h e  purpose o f  t h e  s tu d y  was t o  d i s c o v e r  a means o f  
can n ing  r i c e  i n  a v i s c o u s  medium, such a s  ro u x ,  w ith o u t  
r e s o r t i n g  t o  p ro c e s s e s  r e q u i r i n g  i n s t a l l a t i o n  o f  equipm ent 
o r  complex chem ica l t r e a tm e n t ,  p re l im in a ry  s t u d i e s  o f  th e  
a l t e r n a t i v e s  were co nd uc ted .
P re l im in a ry  S tu d ie s
The f i r s t  ap p ro ach  o f  a t t e m p t in g  t o  u se  v a r io u s  chemi­
c a l  a d d i t i v e s  o f  t h e  o i l - e m u ls io n  ty p e  d id  n o t  y i e l d  s a t i s ­
f a c to r y  enough r e s u l t s  t o  w a r ra n t  s u b j e c t i v e  and o b j e c t i v e  
e v a lu a t io n  o f  t h e  p ro d u c ts .  A lthough th e s e  a d d i t i v e s  were 
s u c c e s s f u l  i n  l i m i t e d  m o is tu re  cann ing  o f  r i c e ,  a s  demon­
s t r a t e d  by F e r r e l  e t  a l .  (5 1 ) ,  t h e  p ro d u c ts  o b ta in e d  in  
s e m i - l iq u id  media were n o t g r e a t l y  improved o v e r  t h e  con­
t r o l .
Im plex 600, by Eastman Kodak, a p ro d u c t which i s  i n ­
c o rp o ra te d  in  t h e  m anu fac tu re  o f  p a s ta  p ro d u c ts  t o  improve 
t e x t u r e  and red u ce  s t i c k i n g  o f  t h e  cooked p ro d u c t ,  was 
th e n  a p p l ie d  to  t h e  r i c e .  V ar iou s  a t t e m p ts  t o  cau se  th e  
r i c e  t o  ab so rb  o r  ad so rb  a s u f f i c i e n t  l e v e l  o f  t h i s  m ix tu re  
o f  e s t e r i f i e d  d i -  and t r i g l y c e r i d e s  d id  n o t im p art  im prove-
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m ents i n  c o h e s iv e n a s s  and i n t e g r i t y  o f  t h e  r i c e  k e r n e l s  
t o  w a r ra n t  f u r t h e r  i n v e s t i g a t i o n .
R eadings on t h e  d i f f i c u l t y  o f  s o l u b i l i z i n g  r e t r o g r a d e d  
am ylose and t h e  f r e e z e - th a w  p ro c e s s  f o r  i t s  p ro d u c t io n  i n ­
d i c a t e d  t h a t  th e  "q u ic k -c o o k in g "  r i c e  th u s  produced shou ld  
be a b l e  t o  w i th s ta n d  r e t o r t  c o n d i t i o n s ,  b u t  t h a t  t h e  sponge­
l i k e  t e x t u r e  o f  t h e  p ro d u c t  m ight no t be a c c e p t a b l e  t o  t h e  
consum er. Uncle B e n 's  Q uick-C ooking R ice  was o b ta in e d  from 
Uncle B e n 's ,  I n c .  in  s u f f i c i e n t  q u a n t i t y  f o r  e v a lu a t i o n  o f  
s u i t a b i l i t y  f o r  ca n n in g . T h is  p ro d u c t  was s e l e c t e d  f o r  u s e ,  
r a t h e r  th a n  d e te rm in in g  th e  v a r i e t y  and c o n d i t i o n s  r e q u i r e d  
f o r  maximum can n ing  s t a b i l i t y  in  r e t r o g r a d e d  r i c e ,  b ec au se  
i f  s u i t a b l e ,  i t  would be an  a v a i l a b l e  p ro d u c t ,  which t h e  
p ro c e s s o r  cou ld  p u rch ase  i n  t h e  d e s i r e d  q u a n t i t y .  The 
h ig h e r  c o s t  o f  f r e e z e - th a w  r i c e  would be p a r t i a l l y  o f f s e t  
by th e  p ro c e s s in g  and l a b o r  c o s t s  i t  would s a v e .  P a rb o i le d  
r i c e  must be b lan ch e d  t o  d e c re a s e  i t s  d e n s i t y ,  so t h a t  i t  
does no t s e t t l e  t o  t h e  bo ttom  o f  t h e  can where s w e l l in g  in  
a l im i t e d  sp ace  may cause  t h e  e n t i r e  r i c e  c o n te n t  o f  th e  
can t o  g e l  i n t o  a s o l i d  mass w i th  le a c h e d  m a t e r i a l  s e r v in g  
a s  an  a d h e s iv e .  The b la n c h in g  p ro c e s s ,  though  n e c e s s a r y ,  
does no t e l im in a t e  c lum ping , n o r  i s  t h e  r i c e  s u f f i c i e n t l y  
s t a b l e  t o  av o id  s p l i t t i n g ,  f r a y i n g ,  and p a r t i a l  d i s i n t e g r a ­
t i o n .  F ree ze - th aw  r i c e  can be added a s  i s  and a t  t h e  be­
g in n in g  o f  th e  p ro c e s s  f l o a t s  upon t h e  can n in g  medium.
P re l im in a ry  t r i a l s  u s in g  f r e e z e - th a w  r i c e  canned in
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a v i s c o u s  medium were conduc ted  a t  a l o c a l  can n in g  p la n t  
u nder normal p ro d u c t io n  c o n d i t i o n s .  The b lan ch ed  par*  
b o i le d  r i c e  n o rm ally  used  in  can n in g  was r e p la c e d  by th e  
f re e z e - th a w  t r e a t e d  r i c e  i n  a  number o f  can s  and was i n ­
c luded  in  t h e  d a y 's  p ro c e s s in g .  Upon v i s u a l  com parison  o f  
t h e  b e h a v io r  o f  t h e  t r e a t e d  r i c e  w ith  t h a t  o f  t h e  p a r b o i le d  
i n  canned stew  and e to u f e e ,  i t  was n o ted  t h a t  t h e  t r e a t e d  
sam ples c o n ta in e d  l e s s  c o h e s iv e  and more i n t a c t  g r a i n s .
I t  was d ec id ed  t h a t  t h i s  p ro d u c t w a r ra n te d  l a b o r a to r y  e v a l ­
u a t i o n ,  R ec ip es  and p ro c e s s in g  c o n d i t io n s  used  i n  t h e  l a b o ­
r a t o r y  were s e l e c t e d  t o  d u p l i c a t e  th o s e  u sed  in  t h i s  p a r ­
t i c u l a r  cann in g  e s t a b l i s h m e n t .
Samples o f  p a r b o i le d  and f r e e z e - th a w  p ro c e sse d  r i c e  
were f i r s t  d r i e d  24 h r .  a t  100°C. i n  a vacuum oven t o  de­
te rm in e  m o is tu re  c o n te n t .  Subsequent sam ples  were th e n  
weighed t o  g iv e  10 g . o f  d ry  m a t te r  p e r  c a n . Three  v a r i ­
a b l e s  were used  t o  compare t h e  r i c e s ,  t r e a tm e n t ,  can n in g
medium, and r e t o r t  c o n d i t i o n s .  P a rb o i le d  r i c e  was com­
pared  w ith  f r e e z e - th a w  t r e a t e d  i n  b o th  w a te r  and roux  and
a f t e r  r e t o r t i n g  a t  10 p . s . i . g .  (2 4 0 ° F .) f o r  1 h r .  o r  a t
15 p . s . i . g ,  (2 5 0 °F .)  f o r  37 m in. T h is  r e s u l t e d  i n  e ig h t  
t r e a tm e n t  co m b in a tio n s  w i th  t e n  r e p l i c a t i o n s  o f  each t r e a t ­
m ent, th u s  60 cans  were p ro c e s s e d .  H a lf  t h e  t o t a l  was used 
f o r  o b j e c t i v e  e v a lu a t io n  and t h e  o th e r  h a l f  r e s e rv e d  f o r  
s e n so ry  Ju d g in g .
37
In  Study I t sam ples r e p r e s e n t i n g  10 g . o f  d ry  m a t t e r  
were p laced  i n  211 x 400 C-enameled cans which were th e n  
f i l l e d  t o  w i th in  l / 2  i n .  headspace  w ith  h o t  roux  o r  h o t t a p  
w a te r .  The roux  had been  p re v io u s ly  p re p a red  by b ak in g  6 
p a r t s  o f  f l o u r  w ith  4 p a r t s  by volume o f  o i l  in  a 450°F. 
oven t o  t h e  d e s i r e d  d e g re e  o f  b row nness . S u f f i c i e n t  roux  
was p re p a red  a t  once f o r  t h e  s tu d y .  The ro u x  was th e n  r e ­
f r i g e r a t e d  u n t i l  t im e  f o r  i t s  u se  when I t  was d i l u t e d  l c .  
roux  t o  1 q t .  o f  w a te r  and h e a te d .  The cans  were th e n  
s e a le d  and h a l f  t h e  t o t a l  were r e t o r t e d  under each  o f  t h e  
c o n d i t io n s  t o  be s t u d i e d .  F o l lo w in g  r a p id  c o o l in g  in  ru n ­
n in g  w a te r ,  t h e  cans were aged f o r  a  p e r io d  o f  two weeks 
p r i o r  t o  o p en in g .
A second s tu d y  (S tudy I I ) ,  i n  which b la n c h in g  was i n ­
c luded  a s  a v a r i a b l e ,  was u n d e r ta k e n  t o  compare t h e  c a n n in g  
q u a l i t i e s  o f  f r e e z e - th a w  r i c e  t o  p a r b o i le d  and f r e e s e - d r i e d  
sam p les . F re e z e  d ry in g  was acco m p lish ed  by f i r s t  cook ing  
th e  r i c e  t o  d o n e n e ss ,  r a p i d l y  c o o l in g ,  f r e e z i n g  and f r e e z e -  
d ry in g .  Ten grams o f  t h e  p a r b o i l e d ,  f r e e z e - th a w  and f r e e z e -  
d r i e d  r i c e s  n o t t o  be b la n c h e d  w ere p la c e d  d i r e c t l y  i n t o  
211 x 400 C-enameled c a n s ,  w h ile  t h e  same w e ig h t o f  th e  
r i c e s  to  be b lan ch ed  were pu t i n t o  c h e e s e c lo th  b a g s .  The 
r i c e  was b lan ch e d  f o r  12 min. i n  b o i l i n g  w a te r  and th e  con­
t e n t s  o f  t h e  b ag s  q u a n t i t a t i v e l y  t r a n s f e r r e d  i n t o  c a n s .
A ll  th e  cans were f i l l e d  t o  w i th in  l / 2  i n .  h ead sp ace  w ith  
h o t t a p  w a te r ,  s e a le d  and r e t o r t e d  a t  15 p . s . i . g .  (2 50°F .)
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f o r  35 min. The f i v e  r e p e t i t i o n a  o f  each t r e a tm e n t  were 
used f o r  o b j e c t i v e  e v a lu a t io n .
E v a lu a t io n
R ice  was e v a lu a te d  o b j e c t i v e l y  by com parison  o f  v a lu e s  
f o r  t h e  t o t a l  s o l i d s  l o s s  o f  t h e  r i c e  a c c o rd in g  t o  t h e  me­
thod  o f  Vebb and A dair  (4 7 ) .  Im bibe r a t i o  was c a l c u l a t e d  
a s  t h e  w eigh t o f  th e  cooked r i c e  r e t a i n e d  by a l / l 6  i n .  
mesh s i e v e  d iv id e d  by th e  w e ig h t o f  t h e  same r i c e  a f t e r  
d ry in g  24 h r .  a t  100°C. in  a vacuum oven . T h is  v a lu e  
t h e r e f o r e  does n o t in c lu d e  r i c e  s t a r c h  i n  s o l u t i o n  o r  sm a ll  
f rag m en ts  which were n o t r e t a in e d  by th e  s i e v e ,  b u t  g iv e s  
a v a lu e  r e l a t i n g  t o  th e  a b i l i t y  o f  t h e  r e l a t i v e l y  undamaged 
r i c e  t o  a b so rb  w a te r .  S o l id s  l o s s  v a lu e s  and im bibe r a t i o s  
were de te rm ined  f o r  t h e  t r e a tm e n t s  in  S tu d ie s  I  and I I .  In  
Study I ,  v i s c o s i t y  o f  th e  cann ing  medium was d e te rm in ed  
w ith  a S y n c r o - l e c t r i c  V isco m ete r ,  Model LVT, and i n  S tudy I I ,  
t h e  t u r b i d i t y  o f  t h e  cann ing  medium was re a d  in  a Bausch 
and Lomb S p e c t ro n ic  20 a t  420 nm and r e p o r te d  a s  O.D. x  10.
S u b je c t iv e  r a t i n g  o f  t h e  e ig h t  t r e a tm e n t s  i n  S tudy  I 
was made by a p ane l o f  9 ju d g es  f o r  c o l o r ,  f l a v o r ,  c o h e s iv e ­
n e s s ,  doneness and g e n e ra l  ap p ea ran ce  u s in g  a 5- p o i n t  he­
don ic  s c a l e .  A l l  ju d g es  were members o f  a s e r v i c e  l a b o r a ­
t o r y  and w h ile  none were t r a i n e d ,  a l l  had p a r t i c i p a t e d  many 
t im e s  in  s e n so ry  e v a lu a t io n s .  The s c o re c a r d  u se d ,  s i m i l a r  
t o  t h a t  d e s c r ib e d  by B a tch e r  e t  a l .  (71) i s  shown i n  th e  
Appendix.
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P ho to g raph s  r e p r e s e n t a t i v e  o f  t h e  c o n d i t io n  o f  t h e  
r i c e  a s  i t  emerged from  th e  can were ta k e n  a s  a v i s u a l  r e ­
cord o f  c o h e s iv e n e s s ,  i n t e g r i t y  o f  t h e  g r a in s  and c l a r i t y  
o f  t h e  can n ing  l i q u i d .
E le c t r o n  p ho tom ic rog raphs  o f  p a rb o i le d  and frees te -thaw  
r i c e  endosperm were t a k e n ,  in  a RCA EMU-3 e l e c t r o n  m icro ­
scope o p e r a t in g  a t  50 KV, t o  d e m o n s tra te  t h e  change in  na­
t u r e  o f  t h e  s t a r c h  endosperm upon r e t r o g r a d a t i o n .  Sample 
p r e p a r a t io n  in c lu d in g  f i x a t i o n ,  d e h y d ra t io n ,  i n f i l t e r a t i o n  
and embedding fo l lo w e d  p ro c ed u re s  f o r  e u c a r y o t i c  t i s s u e  (7 6 ) .  
R ice  sam ples were soaked in  w a te r  f o r  a few h o u rs  u n t i l  
th e y  were s o f t  enough t o  be c u t  w ith  a  r a z o r  b la d e .  Endo­
sperm p ie c e s  m easu ring  a p p ro x im a te ly  1 mro^  w ere c u t  from
th e  c e n te r  o f  t h e  g r a in  midway betw een th e  apex  and th e  b a se .
F ix a t io n  was c a r r i e d  ou t a t  4°C. Endosperm p ie c e s  were 
f ix e d  i n  3$ g lu te r a id s h y d e  in  S orenson*s b u f f e r  f o r  2 -4  h r s .  
and were th e n  washed w i th  S orenson*s b u f f e r  c o n ta in in g  su ­
c ro se  f o r  2 -4  h r s .  w i th  changes o f  b u f f e r  a t  30 min. i n t e r ­
v a l s .  Samples were p o s t - f i x e d  w i th  2$ KMnOi, f o r  30 m i n . , 
fo l lo w ed  by co ld  w a te r  w ashing  t o  remove e x c e s s  KMn04, The 
sam ples were th e n  s u b je c te d  t o  c o n s e c u t iv e  10 m in. d eh y d ra ­
t i o n s  i n  25 i 50  and 75$ c o ld  e th a n o l  and were th e n  a llow ed  
t o  come t o  room te m p e ra tu re  i n  90$ e t h a n o l .  Three 10 min. 
d e h y d ra t io n s  i n  100$ e th a n o l  te rm in a te d  t h e  p ro c e s s  o f  w a te r  
rem oval. S p u rr  embedding to o k  p la c e  in  f o u r  s t e p s  a s  fo l lo w s :
1. A b so lu te  e th a n o l :  S p u rr  (1 :1 )  f o r  1 h r . ,
2 . A b so lu te  e th a n o l :  S p u rr  (1 :3 )  f o r  1 h r . ,
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3 . S p u r r ,  1 h r .  a t  room te m p e ra tu re  fo llo w ed  by 12-14
h r s .  under r e f r i g e r a t i o n ;  and
4. A f te r  coming t o  room te m p e ra tu r e ,  t h e  sam ples were
embedded in  f r e s h  S p u rr  in  Beem c a p s u le s  and l e f t  
i n  a 70°C. oven f o r  6 h r .
U l t r a t h i n  s e c t i o n s  were cu t w ith  g l a s s  k n iv e s  and t h e  s e c ­
t i o n s  were mounted on p a r lo d ia n  co a te d  g r i d s  and s t a i n e c  
w ith  u r i n y l  a c e t a t e  and le a d  n i t r a t e .  A m a g n i f i c a t io n  o f  
5 .500  X was s e l e c t e d  t o  i l l u s t r a t e  t h e  d i f f e r e n c e s  in  t h e  
f i n e  s t r u c t u r e  o f  t h e  endosperm betw een t h e  two r i c e s .
S t a t i s t i c a l  A n a ly s is
A 2 x 2 x 2 f a c t o r i a l  i n  a co m p le te ly  random ized de­
s ig n  was employed t o  d e t e c t  d i f f e r e n c e s  in  t r e a tm e n t  means 
f o r  t h e  o b j e c t i v e  and s u b j e c t i v e  p a r t s  o f  S tudy I .  In  
S tudy I I ,  a  co m p le te ly  random ized 3 x 2 f a c t o r i a l  was u se d .
RESULTS AND DISCUSSION 
O b je c t iv e  E v a lu a t io n :  Study I
vjagggj&c
In  s e l e c t i n g  v i s c o s i t y  a s  a measurement f o r  d e t e c t i n g  
t r e a tm e n t  d i f f e r e n c e s  betw een  p a r b o i le d  and f r e e z e - th a w  
r i c e  sam p les , i t  was f e l t  t h a t  th e  h ig h ly  d i f f e r e n t  cann in g  
l i q u i d s ,  w a te r  and ro u x ,  and th e  d i f f e r e n c e s  in  p a r b o i le d  
and r e t r o g r a d e d  s t a r c h e s  would e x e r t  s e r i o u s  changes upon 
th e  v i s c o s i t y  o f  t h e  cann ing  medium. The v i s c o s i t y  o f  th e  
c o n te n t s  o f  t h e  can i s  a l s o  im p o r ta n t  in  h e a t  t r a n s f e r  con­
s i d e r a t i o n s  d u r in g  th e rm a l  p ro c e s s in g ,  b ecau se  c o n v e c t io n  
c u r r a n t s  a r e  n o t so r e a d i l y  i n s t i g a t e d  in  a f l o u r  and w a te r  
sauce  a s  i n  w a te r  a lo n e .
R e t o r t i n g  caused  a  l o s s  o f  v i s c o s i t y  o f  t h e  ro u x .  
S e p a ra te  m easurem ents f o r  roux  v i s c o s i t y  showed t h a t  t h e  
mean o f  t e n  m easurem ents f o r  u n r e to r t e d  roux  was S . 32  c p s . ,  
f o r  roux  p ro c e s se d  a t  240°F. f o r  60 m i n , , 7 .5 0  c p s .  and 
a t  250°F. f o r  37 m in . ,  6 .1 5  c p s .  T h is  d e c re a s e  i n  v i s c o s i t y  
i s  a t t r i b u t a b l e  t o  t h e  r u p tu r e  o f  s t a r c h  g r a n u le s  d u r in g  
t h e  th e rm a l  p ro c e s s in g .  M easurem ents upon t a p  w a te r  b e fo re  
p ro c e s s in g  gave v a lu e s  o f  0 c p s .
From t h e  t r e a tm e n t  means f o r  v i s c o s i t y  i n  c p s . ,  a s  
se e n  i n  T ab le  I ,  and t h e  a n a l y s i s  o f  v a r ia n c e  f o r  v i s c o s i t y  
i n  T ab le  I I ,  i t  may be seen  t h a t  t r e a tm e n t ,  cann in g  medium 
and r e t o r t  c o n d i t io n s  e x e r te d  h ig h ly  s i g n i f i c a n t  (P <  .01)
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TABLE I .  MEANS FOR VISCOSITY IN CPS.
P a rb o i le d F re e se -•thaw
W ater . Roux W ater Roux
10 p . s . i . g . , 240°F. 3 .4 0 9 .0 2 3 .7 6 9 .4 6
15 p . s . i . g . , 250°F. 3 .5 6 9 .1 6 3 .6 2 9 .6 4
e f f e c t s  upon th e  v i s c o s i t y  o f  t h e  can n in g  l i q u o r .  When 
v i s c o s i t y  was s e l e c t e d  a s  a  v a r i a b l e  f o r  e v a lu a t io n  o f  t h e  
canned p r o d u c ts ,  I t  was e x p e c te d  t h a t  t h e  l i q u i d  u sed  i n  
can n in g  f r e e z e - th a w  t r e a t e d  r i c e  would d i s p l a y  a  low er v i s ­
c o s i t y  th a n  t h a t  used f o r  p a r b o i le d  r i c e ,  s i n c e  l e s s  f r a g ­
m e n ta t io n  and d i s s o l u t i o n  o f  s o l i d s  was ev id en ced  in
TABLE I I .  ANALYSIS OF VARIANCE FOR VARIABLE
VISCOSITY
Source D .F. Mean Square
R e p l i c a t e 4 0 .0091
T rea tm en t 1 1.4440**
Medium 1 323.76**
T r t .  x  Med. 1 0 .0490
P re s s u re 1 0.1960**
T r t .  x  P r e s . 1 0 .0040
Med. x  P re s . 1 0 .0090
T r t .  x  Med. x  P re s . 1 0 .0090
R e s id u a l 26 0 .0241
** S i g n i f i c a n t  a t  .0 1  l e v e l  o f  p r o b a b i l i t y .
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p re l im in a ry  s t u d i e s .  The obse rv ed  h ig h e r  v i s c o s i t y  may 
have been  due t o  t h e  f a c t  t h a t  low m o le c u la r  w e ig h t am ylose 
and am y lo p e c t in  were b o th  a v a i l a b l e  f o r  d i s p e r s i o n  in  t h e  
p a rb o i le d  r i c e  w hereas t h e  am ylose was r e t r o g r a d e d  and 
th e r e f o r e  u n a v a i l a b le  f o r  d i s p e r s i o n  i n  t h e  f r e e z e - th a w  
sam p les , so  t h a t  m ain ly  a m y lo p e c t in  was ta k e n  i n t o  s o l u t i o n .  
In  t h e  a g in g  p ro c e s s ,  r e t r o g r a d a t i o n  o f  p a r t i c l e s  in  th e  
medium caused  a g ra d u a l  p r e c i p i t a t i o n  o f  am ylose and amy­
l o p e c t i n  and a l o s s  o f  v i s c o s i t y  f o r  t h e  l i q u i d  i n  cans  o f  
p a rb o i le d  r i c e ,  b u t  t h e  medium o f  t h e  f r e e z e - th a w  sam ples 
c o n ta in e d  l i t t l e  am ylose t o  i n i t i a t e  t h e s e  a s s o c i a t i v e  t e n ­
d e n c ie s ,  so t h a t  s t a r c h e s  d i s p e r s e d  due t o  h e a t i n g  i n  t h e  
r e t o r t  rem ained  i n  s o l u t i o n .  T h is  p r e c i p i t a t i o n  o f  d i s p e r ­
sed  s t a r c h e s  i n  t h e  cans  c o n ta in in g  p a r b o i le d  r i c e  and la c k  
o f  am ylose in  s o l u t i o n  t o  cau se  n u c l e a t i o n  i n  t h e  f r e e z e -  
thaw cans r e s u l t e d  in  t h e  t r e a t e d  r i c e  d i s p l a y i n g  a h ig h e r  
v i s c o s i t y  in  t h e  cann in g  medium th a n  t h e  p a r b o i le d  c o n t r o l .  
N a tu r a l ly  t h e  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  ( P < .0 1 )  in  
v i s c o s i t y  o f  sam ples  canned i n  w a te r  and ro u x  were e x p e c te d ,  
b u t  t h e  d i f f e r e n c e s  due t o  r e t o r t  te m p e ra tu re  were more 
complex. A lthough r e t o r t i n g  a t  h ig h e r  te m p e ra tu re  low ered 
th e  v i s c o s i t y  o f  t h e  ro u x  I t s e l f ,  due t o  t h e  r u p t u r e  o f  
s t a r c h  g r a n u le s ,  t h e  sam ples r e t o r t e d  a t  a  h ig h e r  tem p era ­
t u r e  d i s p la y e d  a h ig h e r  v i s c o s i t y  i n  t h e  can n ing  medium.
T h is  was p rob ab ly  due t o  t h e  g e n e r a l l y  g r e a t e r  d i s p e r s i o n  
o f  s t a r c h  and r e l e a s e  o f  r i c e  g r a n u le s  i n t o  t h e  l i q u i d  a t
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h ig h e r  te m p e ra tu r e  and p r e s s u r e .
As seen  in  T ab le  I I ,  t h e r e  were no f i r s t  o r  second 
o rd e r  i n t e r a c t i o n s .  The r e s p e c t i v e  means f o r  v i s c o s i t y  
o f  t h e  e ig h t  d i f f e r e n t  t r e a tm e n t  co m b in a tio n s  show t h e  
in c re a s e d  v i s c o s i t y  o f  t h e  cann in g  medium i n  a l l  c a s e s  o f  
t r e a t e d  r i c e  o v e r  p a rb o i le d  and o f  r i c e  s u b je c te d  t o  250°F. 
o v e r  240°F.
Imbibe R a t io
A lthough w a te r  u p tak e  r a t i o  h as  been used  by many r e ­
s e a r c h e r s ,  p re v io u s  work by th e  a u th o r  l e f t  d o u b ts  a s  t o  
i t s  use  a s  a c r i t e r i o n  f o r  canned r i c e  q u a l i t y ,  t h e r e f o r e  
what i s  te rm ed  im bibe r a t i o  in  t h e  p re s e n t  work may d i f f e r  
from th e  same te rm  when used by o th e r  w o rk e rs .  W eighing 
th e  r i c e  t o  o b t a in  i t s  w a te r  u p ta k e  sh o u ld  n o t in c lu d e  
lo s s e s  due t o  s lo u g h in g  o r  d i s s o l u t i o n  o f  t h e  s t a r c h  n o r  
w a te r  r e t a i n e d  a s  a g e l  w ith  s t a r c h  g ra n u le s  a d h e r in g  t o  
th e  r i c e  g r a i n s .
When p a r b o i le d  r i c e  i s  canned in  a s e m i - l iq u id  medium, 
much l i b e r a t i o n  o f  s t a r c h e s ,  f r a g m e n ta t io n  o f  p ie c e s  o f  th e  
r i c e  g r a i n s ,  and m a t t in g  ta k e  p la c e .  In  c o n v e n t io n a l ,  non­
a g i t a t e d  r e t o r t i n g ,  b lan ched  p a rb o i le d  r i c e  has  a  g r e a t e r  
d e n s i t y  th a n  th e  medium in  which i t  i s  canned , so  s e t t l e s  
to  th e  bottom  o f  t h e  c o n ta in e r .  C onvection  c u r r e n t s  a r e  
n o t s u f f i c i e n t  t o  p ick  th e  r i c e  up and keep  i t  i n  m otion .
As r i c e  g r a in s  a r e  h y d ra te d  under th e  s e v e re  th e rm a l  con­
d i t i o n s  w i th in  t h e  r e t o r t ,  s w e l l in g  and l i b e r a t i o n  o f  s t a r ­
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ches  ta k e  p la c e .  S in ce  t h e  r i c e  i s  n o t i n  m o tion , b u t  s t a ­
t i o n a r y  a t  t h e  bottom  o f  t h e  can , t h e s e  f r e e d  s t a r c h e s  and 
th e  damaged s u r f a c e s  o f  t h e  r i c e  g r a in s  a r e  in  such  c lo s e  
p ro x im ity  t h a t  w a te r  b r id g e s  c h a r a c t e r i s t i c  o f  a s t a r c h  
p a s te  a r e  a b l e  t o  form , r e s u l t i n g  in  a l a r g e  mat o f  p a s ty  
and g e l l e d  m a t e r i a l  w i th in  t h e  can .
Because t h i s  m a t t in g  t a k e s  p la c e  t h e  r i c e  g r a i n s  sh o u ld  
be washed and s e p a r a te d  in  o rd e r  t o  remove a s  much o f  th e  
g e l l e d  m a t e r i a l  and a d h e r in g  f ra g m en ts  a s  p o s s ib le  from th e  
s u r f a c e s  o f  t h e  g r a in s  b e f o re  w e ig h in g . The te rm  im bibe 
r a t i o  in  t h e  p r e s e n t  work w i l l  t h e r e f o r e  r e f e r  t o  t h e  a b i ­
l i t y  t o  ab so rb  w a te r  o f  t h a t  p o r t i o n  o f  w ashed, s e p a r a t e d  
g r a in s  r e t a i n e d  by a l / l 6  i n .  mesh s i e v e .  Though t h e  v a lu e s  
may seem i n o r d i n a t e l y  h ig h ,  th e y  may p ro v id e  a t r u e r  i n s i g h t  
i n t o  th e  d eg ree  o f  s w e l l in g  o f  r i c e  und er r e t o r t  c o n d i t i o n s .
T ab le  I I I ,  t h e  t r e a tm e n t  means f o r  Im bibe r a t i o ,  and 
T ab le  IV, a n a l y s i s  o f  v a r ia n c e  f o r  im bibe r a t i o ,  show t h a t  
t h e  e f f e c t s  o f  t r e a tm e n t  and can n in g  medium upon im bibe r a ­
t i o  were found t o  be h ig h ly  s i g n i f i c a n t  (P <  .0 1 ) ,  b u t  r e t o r t  
c o n d i t io n s  d id  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  r i c e s 1 a b i l i t y  
t o  ab so rb  w a te r .  F re e 2 e - th aw  t r e a t e d  r i c e ,  a s  would be 
e x p e c te d ,  d i s p la y e d  a g r e a t e r  c a p a c i ty  t o  a b so rb  w a te r  th a n  
t h e  p a rb o i le d  c o n t r o l ,  however t h e  r e s p e c t i v e  means o f  3 .53  
f o r  a l l  p a r b o i le d  sam ples  and 8 .3 3  f o r  a l l  f r e e z e - th a w  sam­
p le s  were n o t h igh y  d iv e r g e n t .  I t  was th o u g h t  t h a t  perhaps 
t h e  porous n a tu r e  o f  t h e  t r e a t e d  sam ple would r e s u l t  i n  an
o v e rh y d ra te d ,  soggy p ro d u c t upon r e t o r t i n g ,  b u t such was
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TABLE I I I .  MEANS FOR IMBIBE RATIO
P a rb o i le d  F ree ze - th aw  
W ater Roux W ater Roux
10 p . s . i . g . ,  240°F. 9 .6 7  7 .6 9  10 .22  7 .3 6
15 p . s . i . g . ,  250°F. 9 .5 7  7 .1 6  1 0 .7 6  7 .1 6
n o t t h e  c a se .  The g r e a t e s t  e f f e c t  upon im bibe r a t i o  was
th e  in f lu e n c e  o f  t h e  medium i n  which t h e  r i c e  was canned .
The c o m p e t i t io n  f o r  w a te r  by t h e  f l o u r  in  t h e  ro ux  and t h e
p re se n c e  o f  o i l  t o co a t  t h e  r i c e  g ra n u le  I n h i b i t e d  w a te r
u p tak e  by t h e  r i c e , a s  ev idenced  by t h e  g r e a t  d i s p a r i t y  o f
means f o r  w a te r  and ro u x  (T ab le  I I I ) .  R e to r t  c o n d i t io n s
TABLE IV. ANALYSIS OF VARIANCE FOR VARIABLE
IMBIBE RATIO
Source D.F. Mean Square
R e p l ic a te 4 0 .0044
Treatm ent 1 1 .2709**
Medium 1 73.902**
T r t .  x  Med. 1 2.7615**
P re s s u re 1 0 .0306
T r t .  x P re s . 1 0 .6630**
Med. x  P re s . 1 0 .6151**
T r t .  x  Med. x  P re s . 1 0 .0565
R e s id u a l 28 0 .0541
** S i g n i f i c a n t  a t  .0 1  l e v e l  o f  p r o b a b i l i t y .
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d id  no t s i g n i f i c a n t l y  a f f s c t  embibe r a t i o .
From t h e  mean s q u a re  v a lu e s  shown i n  T ab le  IV, i t  may 
be seen  t h a t  t h e  t h r e e  f i r s t  o rd e r  I n t e r a c t i o n s ,  t r e a tm e n t  
x  medium, t r e a tm e n t  x p r e s s u r e ,  and medium x  p re s s u r e  were 
a l l  h ig h ly  s i g n i f i c a n t  ( P < . 0 1 ) ,  b u t t h e  t r l v a r i a t e  i n t e r ­
a c t i o n  was n o t s i g n i f i c a n t .  A lthough th e  mean f o r  w a te r  
im bibe o f  a l l  f r e e z e - th a w  t r e a t e d  sam ples canned in  w a te r  
was h ig h e r  th a n  t h a t  f o r  p a r b o i l e d ,  th e  t r e a tm e n t  x medium 
i n t e r a c t i o n  shows t h a t  f r e e z e - th a w  r i c e  im bibed l e s s  th a n  
p a r b o i le d  i n  ro u x . T h is  s l i g h t l y  lo w er v a lu e  o f 7 .26  f o r  
f r e e s e - th a w  v e r s u s  7*42 f o r  p a r b o i le d  r i c e  canned in  ro u x  
was p e rh ap s  due t o  t h e  spongy n a tu r e  o f  t h e  f r e e z e - th a w  r i c e  
i n  t h a t  o i l  n o t on ly  c o a te d  th e  s u r f a c e  b u t  was a l s o  a b le  
t o  e n t e r  t h e  p o res  where i t  cou ld  d i s p l a c e  w a te r  w h i le  r e ­
t a r d i n g  h y d r a t io n .  S in ce  roux  had a  g r e a t e r  d e n s i ty  th a n  
w a te r ,  th e  v e ry  low d e n s i ty  f r e e z e - th a w  r i c e  cou ld  f l o a t  in  
roux  f o r  a g r e a t e r  p r o p o r t io n  o f  t h e  p ro c e s s in g  t im e  th a n  in  
w a te r ,  so t h a t  t h e  o n s e t  o f  w a te r  u p ta k e  was d e la y e d .
In  t h e  t r e a tm e n t  x p r e s s u r e  i n t e r a c t i o n ,  i t  was found 
t h a t  15 p . s . i . g .  w i th in  t h e  r e t o r t  d e c re a se d  w a te r  a b s o rp ­
t i o n  in  p a r b o i le d  r i c e ,  b u t  f r e e z e - th a w  r i c e  a b so rb e d  more 
w a te r  a t  15 p . s . i . g .  th a n  a t  10. These r e s u l t s  i n d i c a t e  
t h a t  a t  h ig h e r  p r e s s u r e  t h e  porous endosperm o f  t h e  r e t r o ­
graded  r i c e  a l lo w ed  f u r t h e r  h y d r a t i o n ,  bu t in  p a r b o i le d  r i c e  
h y d r a t io n  o f  t h e  I n t e r i o r  o f  t h e  k e r n e l  was a s lo w er  p ro c e s s .  
The low er im bibe r a t i o s  o f  p a rb o i le d  r i c e  a t  h ig h e r  tem p era -
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t u r e  were p ro b a b ly  due t o  a 37 m in . p ro c e s s in g  t im e  v e r s u s  
60 m in, a t  10 p . s . i . g . ( s in c e  i t  i s  more d i f f i c u l t  f o r  w a te r  
t o  e n t e r  t h e  endosperm o f  p a r b o i le d  r i c e  and i t  r e q u i r e s  a 
lo n g e r  cook ing  t im e  th a n  w h ite  r i c e .
In  t h e  medium x p r e s s u r e  i n t e r a c t i o n ,  i t  was no ted  
t h a t  sam ples canned in  w a te r  had g r e a t e r  im bibe r a t i o s  a t  
15 p . s . i . g .  th a n  a t  10, b u t  i n  ro u x  t h e  o p p o s i t e  o c c u r r e d .
The means f o r  i n d iv id u a l  t r e a tm e n t  co m b in a tio n s  showed t h a t  
o n ly  f re e z e - th a w  r i c e  canned i n  w a te r  had a  h ig h e r  im bibe  
r a t i o  a t  15 p . s . i . g .  th a n  a t  10. A lthough p a r b o i le d  r i c e  
canned i n  ro u x  had a h ig h e r  h y d r a t io n  th a n  f r e e z e - th a w  r i c e  
canned in  ro u x  a t  10 p . s . i . g . , a t  15 p . s . i . g . ,  t h e  r a t i o s  
were v i r t u a l l y  e q u a l  w ith  means o f  7 .1 6  and 7 . 1 6  r e s p e c t i v e l y .  
I t  was f e l t  t h a t  t h e s e  v a lu e s  a r e  o f  im p o r ta n c e ,  s i n c e  th e y  
d e m o n s tra te  t h a t  f r e e z e - th a w  p ro d u c ts  canned i n  v i s c o u s  me­
d ia  would n o t  p roduce o v e r - s i z e d ,  s w o lle n  g r a i n s .  A lthough 
im bibe r a t i o s  o f  b o th  r i c e s  canned i n  w a te r  were r a t h e r  h ig h  
f o r  r i c e  o f  a c c e p ta b le  t e x t u r e ,  t h e  ro u x  was e f f e c t i v e  i n  
r e t a r d i n g  w a te r  a b s o r p t io n  t o  such  an  e x t e n t  t h a t  t h e  g r a in s  
were o f  p l e a s in g  s i z e  and t e x t u r e .
S o l id s  Change
In  s t u d i e s  c o n c e rn in g  th e  can n in g  s t a b i l i t y  o f  r i c e  
by Webb and A d a ir  (47) and R u tle d g e  and Is la m  (57)» t h e  
te rm  s o l i d s  l o s s  was used  t o  i n d i c a t e  d e g ra d a t io n  o f  r i c e  
under r e t o r t  c o n d i t i o n s .  In  t h e  p re s e n t  s tu d y ,  how ever, i t  
h a s  been n e c e s s a ry  t o  change t h e  te rm  t o  s o l i d s  change in
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g ./ lO O  g . den o ted  by a n e g a t iv e  s ig n  f o r  w e ig h t l o s s  and a 
p o s i t i v e  s ig n  f o r  w e ig h t g a in ,  f o r  due t o  t h e  medium and n a ­
t u r e  o f  t h e  t r e a t e d  r i c e ,  i n  some c a se s  a w e ig h t  g a in  due 
t o  p ro c e s s in g  was n o ted  d e s p i t e  w ashing  t h e  r i c e  o v e r  a 
s i e v e  b e fo re  d ry in g .  S in ce  t h e  p o re s  o f  t h e  t r e a t e d  r i c e  
were much l a r g e r  th a n  th o s e  no rm ally  found i n  r i c e ,  t h e  
ro u x  components were a b l e  t o  p e n e t r a t e  i n t o  t h e  i n t e r i o r  
o f  t h e  g r a i n  where th e y  were n o t removed by w ash ing .
T ab le  V, which d e n o te s  t r e a tm e n t  means f o r  s o l i d s  
change in  g ./ lO O  g . f o r  t h e  e i g h t  t r e a tm e n t  c o m b in a t io n s ,  
d e m o n s tra te s  t h e  i n t e g r i t y  o f  t h e  f r e e z e - th a w  r i c e  u nder 
r e t o r t  c o n d i t i o n s .  In  T ab le  VI, a n a l y s i s  o f  v a r ia n c e  f o r  
s o l i d s  change in  g ./ lO O  g . , i t  may be seen  t h a t  t r e a tm e n t ,  
medium and r e t o r t  p r e s s u r e  had h ig h ly  s i g n i f i c a n t  (P< .0 1 )  
e f f e c t s  upon t h e  s o l i d s  change o f  t h e  sam p les .
O v e ra l l  means o f  10 .33  g ./ lO O  g . l o s s  f o r  a l l  p a r ­
b o i l e d  sam ples  and 5 .2 0  g .  l o s s  f o r  a l l  t r e a t e d  sam ples 
a r e  ev id en ce  o f  t h e  s u p e r i o r  a b i l i t y  o f  t h e  r e t r o g r a d e d  
r i c e  t o  w i th s ta n d  v e ry  s e v e re  m o is t  h e a t  c o n d i t i o n s .  Can­
n in g  in  roux  had an e x tre m e ly  marked e f f e c t  on t h e  s o l i d s  
change o f  t h e  canned r i c e ,  w i th  r i c e  canned i n  w a te r  l o s i n g  
an  a v e ra g e  o f  16,$0%  o f  t h e i r  o r i g i n a l  s o l i d s ,  w h ile  th o s e  
canned i n  roux  g a in ed  1 .2 7 £ . A lthough p a r b o i le d  r i c e  canned 
i n  roux  d id  no t p a r t i c i p a t e  i n  t h e  w eigh t g a in ,  l o s s e s  were 
v e ry  s l i g h t .  H igher p r e s s u r e  w i th in  t h e  r e t o r t  was found 
t o  be d e t r im e n ta l  t o  t h e  q u a l i t y  o f  t h e  r i c e ,  s i n c e  l e s s  
s o l i d s  were p r e s e n t  i n  a l l  c a s e s  a f t e r  r e t o r t i n g  a t  15
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TABLE V. MEANS FOR SOLIDS CHANGE IN G./lOO G.
P a rb o i le d  
V a te r  Roux
F ree ze - th aw  
W ater Roux
10 p . s . i . g . ,  2A0°F. -1 3 .4 4 - 2 .3 7 -1 2 .9 9  6 .1 5
15 p . e . i . g . , 250°F. -1 9 .3 0 -1 .2 2 -1 6 .4 3  2 .5 2
p . s . i . g .  compared t o 10 p . s . i . g .  The im p o rtan ce  o f  a l l
t h e s e  e f f e c t s  a r e  o f v a lu e  when r e l a t e d  t o  h ed o n ic  s c o r e s
f o r  c o h e s iv e n e s s  and k e r n e l i n t e g r i t y , s in c e  t r e a tm e n t  and
can n in g  in  ro u x  were v e ry  im p o r ta n t  in  r e d u c in g  s o l i d s  l o s s ,
TABLE VI. ANALYSIS
SOLIDS
OF VARIANCE FOR VARIABLE 
CHANGE
Source D.F. Mean Square
R e p l i c a t e 4 1 .1325
Treatm ent 1 263.73**
Medium 1 3263.0**
T r t .  x  Med. 1 10.070*
P re s s u re 1 29.121**
T r t .  x  P re s . 1 34.391**
Med. x  P re s . 1 2 .1356
T r t .  x  Med. x P re s . 1 2 .8993
R e s id u a l 23 1 .5936
* S i g n i f i c a n t  a t  .05  l e v e l  o f  p r o b a b i l i t y .
** S i g n i f i c a n t  a t  .0 1  l e v e l  o f  p r o b a b i l i t y .
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p a r b o i le d  r i c e  canned i n  ro u x  would a l s o  a p p e a r  g r e a t l y  
improved were i t  n o t f o r  t h e  s e n so ry  and v i s u a l  e v a lu a t io n s  
t o  be p re s e n te d  i n  l a t e r  s e c t i o n s .
T ab le  V I , a n a l y s i s  o f  v a r ia n c e  f o r  s o l i d s  change, shows 
a s i g n i f i c a n t  ( P < .0 5 )  f i r s t  o rd e r  i n t e r a c t i o n  f o r  t r e a t ­
ment x  medium. W hile p a r b o i le d  r i c e  l o s t  f a r  l e s s  s o l i d s  
i n  roux  th a n  in  w a te r ,  t h e  m agnitude o f  change f o r  f r e e z e -  
thaw  r i c e  from w a te r  t o  roux  was even g r e a t e r .  The t r e a t e d  
r i c e  canned in  w a te r  l o s t  an  a v e ra g e  o f  14*74$ o f  t h e  o r i ­
g in a l  s o l i d s  t o  t h e  medium, b u t  i n  ro u x  t h e  r i c e  g a in ed  in  
s o l i d s  c o n te n t  b ecau se  i t s  porous endosperm a llo w ed  th e  
e n t r y  o f  o i l  and f l o u r  i n t o  t h e  k e r n e l  i t s e l f .  The h ig h ly  
s i g n i f i c a n t  (P < « 0 1 )  t r e a tm e n t  x  p r e s s u r e  i n t e r a c t i o n  i n d i ­
c a te d  t h a t  s o l i d s  change due t o  t h e  s e v e r i t y  o f  r e t o r t  tem­
p e r a tu r e  was more pronounced i n  f r e e z e - th a w  th a n  i n  p a r ­
b o i l e d  r i c e .  D e sp i te  t h e  f a c t  t h a t  p a r b o i le d  r i c e  l o s t  
more s o l i d s  th a n  t r e a t e d  r i c e  u n d e r  any c o n d i t i o n s ,  t h e  
change i n  te m p e ra tu r e  from  240°F. f o r  60 m in. t o  250°F. 
f o r  37 rain, g r e a t l y  a l t e r e d  t h e  r e s p e c t i v e  s o l i d s  change 
means (T ab le  V) f o r  f r e e z e - th a w  r i c e ,  w hereas  i n  p a r b o i le d  
r i c e ,  t h e  two s e t s  o f  c o n d i t io n s  were a lm o st e q u a l ly  dama­
g in g .  The medium x p re s s u r e  and t h e  t r i v a r i a t e  i n t e r a c t i o n s  
were n o t s i g n i f i c a n t .
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S u b je c t iv e  E v a lu a t io n :  S tudy I
A p an e l  o f  n in e  ju d g e s  s c o re d  each o f  t h e  r i c e  sam ples 
f o r  f i v e  v a r i a b l e s ,  c o lo r ,  a p p e a ra n c e ,  c o h e s iv e n e s s ,  f l a v o r  
and d o n en ess . For each o f  t h e s e  t r a i t s ,  a s c o re  between 1 
and 5 (minimum t o  maximum) was g iv e n .  The s c o re  s h e e t  
used (see  Appendix) gave a s h o r t  d e s c r i p t i o n  o f  t r a i t s  t o  
be used a s  a g u id e l in e  n ex t t o  each s c o re  f o r  each  c h a ra c ­
t e r i s t i c .
C olor
In  a l l  c a s e s ,  th e  most d e s i r a b l e  s c o re  t o  a t t a i n  was 
5 , b u t s in c e  h a l f  t h e  sam ples had been canned in  ro u x , 
which i s  a brown sa u c e ,  t h e s e  sam ples r e c e iv e d  low s c o re s  
f o r  c o lo r .  Tab le  VII p r e s e n t s  t h e  t r e a tm e n t  means f o r  
c o lo r  o f  t h e  e ig h t  t r e a tm e n t  com b in a tio n s  and t h e  a n a ly s i s  
o f  v a r ia n c e  f o r  t h i s  c h a r a c t e r i s t i c  a p p e a rs  in  T ab le  V I I I .  
The e f f e c t s  upon c o lo r  o f  t r e a tm e n t  and cann ing  medium were 
s i g n i f i c a n t  a t  t h e  1% l e v e l  and r e t o r t  c o n d i t io n s  was s i g ­
n i f i c a n t  a t  t h e  53& l e v e l .  F reeze - th aw  r i c e  was judged t o  
be w h i t e r  th a n  p a r b o i l e d ; p a rb o i le d  r i c e  h as  a  creamy o r  
l i g h t  y e llo w  c o lo r  b e fo re  cook ing , b u t a l th o u g h  th e  s t a r ­
t i n g  p ro d u c t f o r  t r e a t e d  r i c e  was a l s o  p a r b o i l e d ,  t h e  t r e a ­
t e d  r i c e  was snowy w h i te .  Samples p ro c essed  a t  h ig h e r  tem ­
p e r a tu r e  were judged t o  be l i g h t e r  i n  co lo r*
A h ig h ly  s i g n i f i c a n t  ( P < .0 1 )  f i r s t  o r d e r  i n t e r a c t i o n  
f o r  t r e a tm e n t  x  medium was due t o  t h e  f a c t  t h a t  f r e e z e -
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TABLE V II: SCORING* MEANS FOR COLOR
P a rb o i le d  
W ater Roux
F ree ze - th aw  
W ater Roux
10 p . s . i . g . , 240°F. 3 .93 1 .42 4 .4 6 1 .2 2
15 p . s . i . g . ,  250°F. 4 .15 1 .3 8 4 . 8 4 1 .33
* 5-W hite , 4-Cream, 3-G re y -y e l lo w , 2-Tan, 1-Brown,
thaw r i c e ,  judged w h i t e r  th a n  p a rb o i le d  r i c e  when canned
in  w a te r ,  was more e a s i l y  pigm ented i n th e  ro u x  th a n  p a r -
b o i le d  r i c e .  As seen in  t h e o b j e c t i v e e v a lu a t io n , th e
t r e a t e d  r i c e  a llow ed browned f l o u r  p a r t i c l e s  and o i l  t o
TABLE V III . ANALYSIS OF VARIANCE FOR 
VARIABLE COLOR
Source D.F. Mean Square
R e p l ic a te 4 0 .3125
T reatm ent 1 6.4000**
Medium 1 804.01**
T r t .  x Med. 1 13.611**
P re s s u re 1 1 .8768*
T r t .  x P re s . 1 0 .9000*
Med. x P re s . 1 1.1111*
T r t .  x Med. x P re s . 1 0 .044 4
E r ro r 28 0 .1671
* S i g n i f i c a n t  a t  .05 l e v e l  o f  p r o b a b i l i t y .
** S i g n i f i c a n t  a t  .0 1  l e v e l  o f  p r o b a b i l i t y .
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e n t e r  th e  p o re s  in  th e  g r a in  so  t h a t  a d a r k e r  p ro d u c t cou ld  
be ex p e c te d . A s i g n i f i c a n t  ( P < . 0 5 )  t r e a tm e n t  x  p r e s s u r e  
i n t e r a c t i o n  was a l s o  found ; w h ile  b o th  r i c e s  were judged 
w h i te r  a f t e r  p ro c e s s in g  a t  2 5 0 ° F . , t h e  m agnitude o f  th e  
change f o r  f r e e z e - th a w  r i c e  was f a r  g r e a t e r  th a n  f o r  p a r ­
b o i l e d  r i c e .  The s i g n i f i c a n t  ( P < . 0 5 )  medium x  p r e s s u r e  
i n t e r a c t i o n  showed t h a t  w h ile  r i c e  p ro cessed  i n  w a te r  was 
Judged w h i te r  a f t e r  r e t o r t i n g  a t  2 5 0 °F . , no d i f f e r e n c e  cou ld  
be n o ted  betw een r i c e s  canned a t  240 and 250°F. i n  ro u x .
As seen  i n  T ab le  V I I I ,  t h e r e  was no second o rd e r  i n t e r ­
a c t i o n .
Appearance
Judg ing  f o r  ap p ea ran ce  o f  t h e  r i c e  g r a in s  was r e l a t e d  
t o  th e  i n t e g r i t y  o f  t h e  k e r n e l s ,  w ith  w hole , smooth g r a in s  
r e c e iv in g  th e  h ig h e s t  s c o r e s .  As seen  i n  T ab le  IX, means 
f o r  a p p e a ra n c e ,  f r e e z e - th a w  r i c e  s c o re d  q u i t e  h ig h ,  b u t  
s lo u g h in g  o f  much s t a r c h y  m a t e r i a l  and s p l i t t i n g  o f  th e  
g r a in s  caused th e  p a rb o i le d  c o n t r o l  t o  r e c e i v e  low er s c o r e s .
TABLE IX. SCORING* MEANS FOR APPEARANCE
P a rb o i le d  
W ater Roux
Freeze-
W ater
•thaw
Roux
10 p . s . i . g . ,  240°F. 2 .32 3 .0 9 4 .3 6 4 .5 8
15 p . s . i . g . ,  250°F. 3*04 3 .6 9 4 .2 0 4 .7 1
* 5-Whole smooth g r a i n s ,  4-Fuzzy ed g e s ,  3 -S lo u g h in g ,  2 - I n ­
d i s t i n c t ,  b roken  g r a in s ,  1 - D i s in t e g r a t e d .
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TABLE X. ANALYSIS OF VARIANCE FOR VARIABLE 
APPEARANCE
Source D.F. Mean Square
R e p l ic a te 1 2.0675
Treatm ent 1 152.10**
Medium 1 15.211**
T r t .  x  Med. 1 0 .1 7 7 6
P re s s u re 1 3 .6000*
T r t .  x P re s . 1 4 .0111*
Med. x P re s . 1 2 .5000*
T r t .  x Med. X P re s . 1 0 .0 4 4 4
E r r o r 1 0 .5 691
* S i g n i f i c a n t  
** S i g n i f i c a n t
a t  .05  
a t  .01
l e v e l  o f  
l e v e l  o f
p r o b a b i l i t y .
p r o b a b i l i t y .
As d em o n s tra te d  i n  T ab le  X, a n a l y s i s  o f  v a r ia n c e  f o r  
a p p e a ra n c e ,  t h e r e  were h ig h ly  s i g n i f i c a n t  main e f f e c t s  
( F < . 0 1 )  upon a p p e a ra n c e  o f  t h e  r i c e  f o r  t r e a tm e n t  and me­
dium and a s i g n i f i c a n t  (P < * 0 5 )  e f f e c t  f o r  r e t o r t  co n d i­
t i o n s .  From th e  means f o r  t h e  e ig h t  t r e a tm e n t  co m b in a tio n s  
(T ab le  IX ) ,  i t  i s  s e e n  t h a t  f r e e z e - th a w  r i c e  was Judged t o  
have a  f a r  b e t t e r  ap p e a ran c e  th a n  p a r b o i le d  r i c e *  The 
o v e r a l l  means f o r  p a r b o i le d  and f r e e z e - th a w  r i c e s  were 
3*16 and 4*46 r e s p e c t i v e l y ,  i n d i c a t i n g  th e  s u p e r i o r  I n t e ­
g r i t y  o f  t h e  t r e a t e d  sam ples a f t e r  r e t o r t i n g .  R ice  canned 
in  roux  was judged  t o  be more a t t r a c t i v e  th a n  t h a t  canned
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i n  w a t e r , p ro b a b ly  due t o  t h e  e f f e c t  o f  ro u x  i n  r e t a r d i n g  
im bibe r a t i o  and l o s s  o f  s o l i d s .  In  a l l  c a s e s ,  sam ples 
r e t o r t e d  a t  250°F. f o r  37 min. had a  s u p e r i o r  ap p e a ran c e  
t o  th o s e  p ro c e s se d  a t  240°F. f o r  60 m in.
A s i g n i f i c a n t  ( P f , 0 5 )  t r e a tm e n t  x p r e s s u r e  i n t e r a c ­
t i o n  was found s in c e  f r e e z e - th a w  sam ples d id  n o t d i f f e r  
much in  ap p e a ran c e  under t h e  two s e t s  o f  p ro c e s s in g  c o n d i­
t i o n s ,  b u t t h e r e  was a l a r g e  improvement i n  p a r b o i le d  r i c e  
f o r  t h e  h ig h e r  t e m p e ra tu r e ,  s h o r t e r  t im e  p r o c e s s in g .  The 
i n t e r a c t i o n  f o r  medium x p re s s u r e  was a l s o  found t o  be s i g ­
n i f i c a n t  a t  t h e  5% l e v e l .  T rea tm en t means f o r  t h i s  i n t e r ­
a c t i o n  showed t h a t  r e t o r t  c o n d i t io n s  had l i t t l e  e f f e c t  on 
v a r i a t i o n s  i n  ap p e a ran c e  o f  sam ples canned in  w a te r ,  b u t  in  
ro u x ,  250°F. f o r  37 min. produced  a more a p p e a l in g  p ro d u c t .  
There was no t r i v a r i a t e  i n t e r a c t i o n .
C o hes iven ess
S c o r in g  f o r  c o h e s iv e n e s s  r e p r e s e n te d  t h e  s e p a r a t i o n  
o f  t h e  r i c e  g r a i n s ,  from w e l l - s e p a r a t e d ,  d i s t i n c t  g r a i n s  
t o  a p a s ty ,  s t i c k y  m ass. The r e s u l t s  o f  t h e s e  c o h e s iv e  
s c o re s  do n o t t r u l y  r e p r e s e n t  t h e  p o o re r  sam ples  b ec a u se  
i t  was n e c e s s a ry  t o  h e a t  t h e  sam ples  p r i o r  t o  ju d g in g  and 
keep  them warm d u r in g  e v a lu a t i o n  b ec au se  o f  t h e  p re se n ce  
o f  o i l  i n  t h e  ro u x .  The warming removed much o f  t h e  g e l ­
l i n g  and m a t t in g .  P ho tog raphs  a p p e a r in g  in  t h e  s e c t i o n  
d e a l in g  w ith  v i s u a l  e v a lu a t i o n  o f  t h e  sam ples  a r e  a t r u e r  
r e p r e s e n t a t i o n  o f  t h e  s t a t e  o f  t h e  r i c e s *  ap p ea ran ce  upon
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open ing  o f  t h e  can e .
The t r e a tm e n t  means f o r  c o h e s iv e n e s s  o f  t h e  e ig h t  
t r e a tm e n t  c o m b in a t io n s ,  a s  s e e n  in  T ab le  X I, i l l u s t r a t e  
t h e  h ig h ly  s i g n i f i c a n t  (P <  .0 1 )  improvement in  t h e  s e p a ­
r a t i o n  o f  t h e  g r a in s  f o r  t h e  t r e a t e d  r i c e  o v e r  t h e  p a r ­
b o i l e d  c o n t r o l .  T ab le  X II ,  a n a l y s i s  o f  v a r ia n c e  f o r  co­
h e s iv e n e s s ,  a l s o  shows s i g n i f i c a n t  (P< .0 5 )  e f f e c t s  f o r  
medium and p r e s s u r e  upon c o h e s iv e  s c o r e .  P a rb o i le d  r i c e  
was judged s t i c k y ,  b u t f r e e z e - th a w  r i c e  r e c e iv e d  c o n s i s ­
t e n t l y  h ig h  s c o r e s  r e p r e s e n t i n g  w e l l  s e p a r a te d  g r a i n s .
The r e t r o g r a d a t i v e  p ro c e s s  re n d e re d  t h e  r i c e  s t a r c h  s u f ­
f i c i e n t l y  i n e r t  t o  p re v e n t  s lo u g h in g  and s p l i t t i n g  o f  th e  
g r a i n s ,  c o n d i t io n s  which co u ld  le a d  t o  s t i c k i n e s s  o r  p a s ­
t i n e s s  in  t h e  f i n a l  p ro d u c t .  S u r p r i s i n g l y ,  r i c e  canned 
i n  roux  was judged  l e s s  c o h e s iv e  th a n  t h a t  canned in  
w a te r  d e s p i t e  t h e  f a c t  t h a t  t h e  f l o u r  in  ro u x  h a s  been  
found t o  compound th e  problem s i n  cann in g  r i c e .  H igher 
te m p e ra tu re  f o r  a  s h o r t e r  t im e  was found t o  f a v o r  b e t t e r  
s e p a r a te d  g r a i n s .
As se e n  i n  T ab le  X II ,  a n a l y s i s  o f  v a r ia n c e  f o r  cohe­
s iv e n e s s ,  a  s i g n i f i c a n t  (P < « 0 5 )  f i r s t  o r d e r  i n t e r a c t i o n  
e x i s t e d  f o r  t r e a tm e n t  x  p r e s s u r e .  W hile t h e  c o h e s iv e n e s s  
o f  t r e a t e d  r i c e  was n o t g r e a t l y  a f f e c t e d  by r e t o r t  co n d i­
t i o n s ,  p a r b o i le d  r i c e  p ro c e s se d  a t  250°F. f o r  37 min. was 
s u p e r i o r  t o  t h a t  p ro c e sse d  a t  240°F. f o r  60 min. There 
was no t r i v a r i a t e  i n t e r a c t i o n .
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TABLE X I. SCORING* MEANS FOR COHESIVENESS
P a rb o i le d  
W ater Roux
F re e se - th a w  
W ater Roux
10 p . s . i . g . ,  240°F. 2 .6 7  3 .1 8 4 .6 0  4 .73
15 p . s . i . g . ,  250°F. 3 .33  3 .6 0 4 .4 7  4.6V
* 5-W ell s e p a r a te d  g r a i n s ,  4 - P a r t i a l l y  
2-Very s t i c k y ,  1 -P a s ty .
s e p a r a t e d ,  3 - S t i c k y ,
TABLE X II . ANALYSIS OF VARIANCE 
COHESIVENESS
1 FOR VARIABLE
Source D.F. Mean Square
R e p l i c a t e 4 0 .5 5 1 4
T rea tm en t 1 196.54**
Medium 1 10.000**
T r t .  x  Med. 1 0 .277 8
P re s s u re 1 6 .9 4 4 4 *
T r t .  x  P re s . 1 6 .4000*
T r t .  x  Med. x  P r e s . 1 1 .6000
E r ro r 28 1 .3958
* S i g n i f i c a n t  a t  t h e  .05 l e v e l  o f  p r o b a b i l i t y .
** S i g n i f i c a n t  a t  th e  .01  l e v e l  o f  p r o b a b i l i t y .
r.l&Y9£
From t h e  means f o r  f l a v o r  shown in  T ab le  X I I I , and 
th e  a n a l y s i s  o f  v a r ia n c e  f o r  f l a v o r  in  T ab le  XIV, I t  i s  
seen  t h a t  th e  p an e l  was u n a b le  t o  n o te  t a s t e  d i f f e r e n c e s
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TABLE X I I I .  SCORING* MEANS FOR FLAVOR
P a rb o i le d Freeze-•thaw
W ater Roux W ater Roux
10 p . s . i . g . ,  240°F. 4 .7 1 4 .6 2 4 .53 4 .73
15 p . s . i . g . ,  250°F. 4 .6 7 4 .6 7 4 .7 2 4 .6 7
* O f f - f l a v o r :  5-None, 4 - P e r c e p t i b l e ,  3 - S l i g h t l y  s t r o n g ,
2 -M odera te ly  s t r o n g ,  1-Very s t r o n g .
between th e  t r e a t e d and u n t r e a te d r i c e , n o r was f l a v o r  a f -
f e c te d  by medium o r r e t o r t c o n d i t io n s *
A s i g n i f i c a n t (P < .0 5 ) t r e a tm e n t  x medlum x p r e s s u r e
i n t e r a c t i o n  was found f o r  f l a v o r , b ecau se  w h ile  t h e  ju d g e s
TABLE XIV. ANALYSIS OF VARIANCE 
FLAVOR
FOR VARIABLE
Source D.F e Mean Square
R e p l ic a te 4 0 .948 6
T reatm ent 1 0 .0 111
Medium 1 0 .0 0 0 0
T r t .  x  Med. 1 0 .177 8
P re s su re 1 0 .1 7 7 8
T r t .  x  P re s . 1 0 .1 778
Med. x P re s . 1 0 .277 8
T r t .  x  Med. x  P re s . 1 0 .900 0*
E r ro r 28 0 .191 4
* S i g n i f i c a n t  a t  .05  l e v e l  o f  p r o b a b i l i t y .
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co u ld  no t d e t e c t  f l a v o r  d i f f e r e n c e s  among t h e  o t h e r  s i x  
t r e a tm e n t s ,  f r e e z e - th a w  r i c e  canned i n  w a te r  a t  10 p . s . i . g .  
was co n s id e re d  t o  have a s l i g h t l y  p o o re r  f l a v o r  th a n  a l l  
o t h e r  t r e a tm e n t s ,  and a t  15 p . s . i . g .  th e  same r i c e  was con­
s id e r e d  s u p e r i o r  t o  th e  o t h e r  seven  t r e a tm e n t s .
Donenesa
From t h e  s c o r in g  means f o r  doneness  i n  T ab le  XV and 
th e  a n a l y s i s  o f  v a r ia n c e  f o r  doneness  i n  T ab le  XVI, i t  may 
be see n  t h a t  h ig h ly  s i g n i f i c a n t  (P <  .0 1 )  main e f f e c t s  were
found f o r  t r e a tm e n t  
TABLE XV.
and medium and a 
SCORING* MEANS
s i g n i f i c a n t  
FOR DONENESS
(P<  .0 5 )
P a rb o i le d F ree ze - th aw
W ater Roux W ater Roux
10 p . s . i . g . ,  240°F. 2 .4 4  2 .8 9 2 .71 3 .5 8
15 p . s . i . g . ,  250°F. 2 ,5 6  3 .26 2 .7 8 3 .6 7
* 5-W ell done, 4-Too 
1-Mushy.
t e n d e r ,  3 - S l i g h t l y  o v erd one , 2 - Spongy,
f o r  p r e s s u r e .  A lthough b o th  r i c e s  were judged  s l i g h t l y  
overdone , f r e e z e - th a w  r i c e  was p r e f e r r e d  o v e r  p a r b o i l e d .  
The p re sen ce  o f  ro u x  seemed t o  r e t a r d  w a te r  a b s o r p t io n  
s u f f i c i e n t l y  so t h a t  a  more p le a s in g  t e x t u r e  was o b ta in e d  
th a n  when canned in  w a te r .  R ice  canned a t  250°F. f o r  37 
min. was b e t t e r  r e c e iv e d  th a n  t h a t  canned a t  240°F. f o r  
60 min.
There  were no f i r s t  o r  second o rd e r  I n t e r a c t i o n s .
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TABLE XVI. ANALYSIS OF VARIANCE FOR VARIABLE
DONENESS
Source D.F. Mean Square
R e p l ic a te 4 1 .2111
T reatm ent 1 13.611**
Medium 1 49.944**
T r t .  x Med. 1 2.1776
P re s s u re 1 2 .5000*
T r t .  x P re s . 1 0 .7111
Med. x P re s . 1 0 .4 0 0 0
T r t .  x Med. x P re s . 1 0 .2 7 7 6
E r r o r 2 6 0 .2 7 7 6
* S i g n i f i c a n t  a t  t h e  .05  l e v e l  o f  p r o b a b i l i t y .
** S i g n i f i c a n t  a t  t h e  .0 1  l e v e l  o f  p r o b a b i l i t y .
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V is u a l  E v a lu a t io n :  S tudy I
E le c t r o n  P ho tom icrog raphs
E le c t r o n  p h o to m ic ro g rap h s , F ig u re s  I  and I I  o f  f r e e z e -  
thaw t r e a t e d  r i c e  and th e  p a r b o i le d  c o n t r o l  show th e  e f f e c t  
o f  t r e a tm e n t  upon th e  s t a r c h  endosperm . In  t h e  t r e a t e d  
r i c e ,  t h e  porous s t r u c t u r e  i s  e v id e n t ;  t h e  p o re s  a r e  d i s ­
t r i b u t e d  r e g u l a r l y  and s t r i a t i o n s  i n d i c a t e  t h a t  some ty p e  
o f  o r g a n iz a t io n  o f  t h e  s t a r c h  has  ta k e n  p la c e  i n  t h e  p ro ­
c e s s  o f  r e t r o g r a d a t i o n .  The p a r b o i le d  c o n t r o l  shows an  
amorphous s t r u c t u r e  i n  which th e  r e g u l a r  p o res  and s t r i a ­
t i o n s  a r e  a b s e n t .
FIGURE I :  FREEZE-THAW TREATED RICE, 5 ,500  X
6j
FIGURE I I ! PARBOILED RICE, 5 ,500  X
P ho tog raphs  o f  Canned Samples
As seen  i n  F ig u re  I I I ,  p a r b o i le d  r i c e  and f r e e z e - th a w  
t r e a t e d  r i c e  canned i n  w a te r ,  p a r b o i le d  r i c e  canned i n  wa­
t e r  was e x tre m e ly  s t i c k y  and clumped a t  t h e  bo ttom  o f  th e  
can . The f r e e z e - th a w  t r e a tm e n t  p re v e n te d  t h e s e  c o h e s iv e  
t e n d e n c ie s ,  b u t  r e t o r t  c o n d i t i o n s  w ere somewhat damaging 
t o  t h e  I n t e g r i t y  o f  t h e  g r a i n s  and b o th  t h e  t r e a t e d  r i c e  
and th e  c o n t r o l  a p p e a r  o v e r - h y d r a te d .  In  roux  (F ig u re  IV) 
h y d r a t io n  was l i m i t e d  p ro d u c in g  a  h ig h ly  a c c e p t a b l e  p ro ­
d u c t  i n  t h e  canned , t r e a t e d  r i c e ,  b u t  th e  c lum ping and 
c o h e s io n  in  p a r b o i le d  r i c e  ap p eared  more s e v e re  th a n  i n  
w a te r .  The t r u e  e x te n t  o f  clum ping was n o t f u l l y  d e te c te d  
i n  th e  t a s t e  p an e l  t e s t s  b ecau se  i t  was f e l t  t h a t  t h e
FIGURE I I I :  PARBOILED AND FREEZE-THAW TREATED
RICE CANNED IN WATER
P a rb o i le d  F re e z e - th a w
c o n t r o l  t r e a t e d
FIGURE IV: PARBOILED AND FREEZE-THAW TREATED
RICE CANNED IN ROUX
F ree ae - th awP a rb o i le d
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FIGURE V: FREEZE-THAW TREATED RICE CANNED
IN WATER AND ROUX
W ater Roux
FIGURE VI: FREEZE-THAW TREATED RICE CANNED
AT 240 AND 250°F.
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tem p les  sh o u ld  be s e rv e d  warm t o  m inim ize a v e r s io n  t o  th e  
co ld  ro u x .  F ig u re  Vt which r e p r e s e n t s  th e  e f f e c t  o f  can­
n in g  medium upon t r e a t e d  g r a i n s ,  shows w e l l  t h e  g r e a t e r  i n ­
t e g r i t y  o f  th e  k e r n e l s  and l i m i t e d  w a te r  a b s o r p t io n  o f  
t h e  t r e a t e d  r i c e  canned in  ro u x . Because th e  f l o u r  in  
t h e  medium competed w ith  t h e  r i c e  f o r  w a te r ,  t h e  r i c e  can ­
ned in  roux  was n o t o v e r ly  s w o l le n ,  n o r  d id  t h e  g r a in s  
s p l i t  o r  f r a y  a s  in  w a te r .
F ig u re  VI shows t h a t  240°F. f o r  60 min. was l e s s  dama­
g in g  t o  t h e  i n t e g r i t y  o f  t h e  t r e a t e d  g r a in s  th a n  250°F. 
f o r  37 rain. The r i c e  canned a t  t h e  low er te m p e ra tu r e  showed 
a s l i g h t l y  g r e a t e r  c l a r i t y  o f  t h e  can n in g  l i q u o r .
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O b je c t iv e  E v a lu a t io n :  S tudy I I
In  t h i s  s tu d y ,  b la n c h in g  was in c lu d e d  a s  a  v a r i a b l e  
s in c e  a l l  p a rb o i le d  r i c e  used  in  can n ing  must be b la n c h e d . 
B lanch ing  o f  p a rb o i le d  r i c e  re d u c e s  i t s  d e n s i t y ,  th u s  
lo w e r in g  t h e  ten d en cy  o f  t h e  r i c e  t o  s in k  t o  t h e  bottom  
o f  t h e  can where s w e l l in g  and d i s s o l u t i o n  o f  s t a r c h e s  d u r ­
in g  t h e  cook ing  p ro c e s s  cau se  much a d h e s io n  and g e l l i n g .  
S in c e  b la n c h in g  i n  w a te r  le a c h e s  o u t  much s t a r c h y  m a t e r i a l ,  
l e s s  o f  t h e  l o s t  s t a r c h e s  a r e  p re s e n t  in  t h e  can  t o  o a r  
t h e  q u a l i t y  o f  t h e  f i n a l  p ro d u c t .
R ice  was a l s o  f r e e s e  d r i e d  f o r  can n in g  i n  o r d e r  t o  
d e te rm in e  i f  t h e  f l o a t i o n  o f  t h e  t r e a t e d  r i c e  upon th e  
cann ing  medium o r  th e  r e t r o g r a d a t i o n  o f  t h e  r i c e  s t a r c h  
had th e  g r e a t e s t  e f f e c t  upon th e  q u a l i t y  o f  th e  g r a in s  in  
t h e  canned p ro d u c t .
Im bibe R a t io
T ab le  XVII, t h e  im bibe r a t i o  means f o r  s i x  t r e a t m e n t s ,  
shows t h a t  unb lanched  p a r b o i le d  r i c e  had th e  lo w e s t  im bibe 
r a t i o  o f  t h e  t r e a tm e n t s  t e s t e d .  F re e se - th a w  r i c e  which 
was th o u g h t  to  have an  unduly  h ig h  im bibe r a t i o  compared 
t o  p a r b o i le d  r i c e  canned w a te r  may be see n  t o  have a 
s l i g h t l y  h ig h e r  mean th a n  b la n c h e d ,  p a r b o i le d  r i c e .  Means 
f o r  t h e  f r e e z e  d r i e d  sam ples were even h ig h e r  th a n  f o r  th e  
o t h e r  two t r e a tm e n t s .  B lan ch ing  caused In c re a s e d  im bibe 
r a t i o s  f o r  p a rb o i le d  and f r e e z e  d r ie d  r i c e ,  bu t t h e  f r e e z e -
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thaw aam pias were r e a d i l y  h y d r a ta b le  so  t h a t  t h e  a d d i t i o n a l  
h e a t  t r e a tm e n t  n o t on ly  d id  n o t I n c r e a s e  w a te r  a b s o r p t i o n ,  
b u t  low ered  i t  becau se  o f  t h e  damage done i n  b la n c h in g .
As seen  i n  T ab le  X V III, t h e  a n a l y s i s  o f  v a r ia n c e  f o r  im­
b ib e  r a t i o ,  t h e s e  d i f f e r e n c e s  in  b e h a v io r  le d  t o  h i t f i l y  
s i g n i f i c a n t  ( P < « 0 1 )  e f f e c t s  f o r  t r e a tm e n t  and b lan ch  and 
a h ig h ly  s i g n i f i c a n t  t r e a tm e n t  x  b la n c h  i n t e r a c t i o n .
TABLE XVII: MEANS FOR IMBIBE RATIO
P a rb o i le d F re e z e - th a w  F re e s e  d r i e d
Unblanched 7.36 9 .3 5  9 .1 9
Blanched 3 .61 9 .2 4  9 .4 6
TABLE X V III: ANALYSIS 
IMBIBE
OF VARIANCE FOR VARIABLE 
1 RATIO
Source D.F. Mean Square
R e p l ic a te 4 0 .0 1 5 2
T reatm en t 2 3 .5030**
Blanch 1 0 .3313**
T r t .  x B l. 2 0 .5712**
R e s id u a l 20 0 .0 267
** S i g n i f i c a n t  a t  t h e  .0 1  l e v e l  o f  p r o b a b i l i t y .
S o l id s  Loss
S o l id s  l o s s  means from  Table  XIX and a n a l y s i s  o f  
v a r ia n c e  f o r  s o l i d s  l o s s  from T ab le  XX show h ig h ly  s l g -
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n i f l e a n t  main e f f e c t s  and a  h ig h ly  s i g n i f i c a n t  ( P < .0 1 )  
t r e a tm e n t  x b lan ch  i n t e r a c t i o n .  S o l id s  l o s s  v a r ie d  g r e a t l y  
among t h e  s i x  t r e a t m e n t s .  In  t h e  unb lanched  sam p le s ,  t h e  
f r e e s e  d r i e d  r i c e  l o s t  o n ly  3 .5 3 #  o f  t h e  o r i g i n a l  s o l i d s  
p r e s e n t ,  w h i le  f r e e z e - t h a v  and p a r b o i le d  r i c e  l o s t  11 .0 6  
and 1 5 .56#  r e s p e c t i v e l y .  In  t h e  b lan ch ed  sam p les ,  t h e  
l o s s e s  in  f r e e z e  d r i e d  r i c e  r o s e  t o  1 7 .0 9 # , in t e r m e d ia te  
betw een th e  v a lu e s  o f  13 .70  and 21 .34#  f o r  f r e e z e - th a w  and 
p a rb o i le d  r i c e s .  I t  a p p e a rs  t h a t  s i n c e  t h e  f r e e z e  d r ie d  
r i c e  was f u l l y  cooked b e fo re  p ro c e s s in g ,  i t s  l a r g e  volume
TABLE XIX: MEANS FOR SOLIDS LOSS IN PERCENT
P a rb o i le d F ree ze - th aw  F re e z e  d r ie d
Unblanched 15*56 1 1 .0 8  3 .5 3
Blanched 21.34 13 .7 0  17 .09
TABLE XX: ANALYSIS OF 
SOLIDS
VARIANCE FOR VARIABLE 
LOSS
Source D.F. Mean Square
R e p l i c a te 4 2 .630
T reatm ent 2 176.17**
Blanch 1 407.97**
T r t .  x B l. 2 77 .21**
R es id u a l 20 0 .6 6 1 0
** S i g n i f i c a n t  a t  t h e  .0 1  l e v e l  o f  p r o b a b i l i t y .
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made I t  v e ry  bouyant so  t h a t  i t  was a b le  t o  f l o a t  lo n g e r  
th a n  th e  f r e e z e - th a w  sam ples in  t h e  unb lanched  t r e a t m e n t s .  
F re e z e  d r ie d  r i c e  was a l s o  n o t a s  r e a d i l y  h y d r a ta b le  a s  
th e  f r e e z e - th a w  t r e a tm e n t ,  because  o f  th e  d i f f e r e n c e  in  
pore s i z e s .
In  th e  b lanched  sam p le s ,  t h e  f r e e z e - th a w  and f r e e z e  
d r ie d  r i c e s  were no lo n g e r  b o u y an t.  From t h e  means o f  
t h e s e  b lanch ed  t r e a tm e n t s ,  i t  i s  s e e n  t h a t  f r e e z e  d r i e d  
r i c e  l o s t  f a r  more s o l i d s  th a n  f r e e z e - th a w  t r e a t e d  be­
cause  t h e  am ylose had n o t been made in a c c e s s a b le  a s  in  t h e  
f r e e z e - th a w  sam p les . I t  i s  c e r t a i n l y  p o s s ib l e  t h a t  un­
b lan ch ed  f r e e z e  d r i e d  r i c e  m ight be s u i t a b l e  f o r  c a n n in g ,  
but f u r t h e r  s t u d i e s  would be n e c e s s a ry  f o r  s e n s o ry  e v a lu ­
a t i o n .  For t h e  p re s e n t  u s e ,  i t  may be s e e n  t h a t  s o l i d s  
l o s s  o f  11 .05^  f o r  unb lanched  f r e e z e - th a w  r i c e  would p ro ­
v id e  a more i n t a c t  canned p roduc t th a n  i t s  a l t e r n a t i v e ,  
b lanched  p a r b o i le d  r i c e  w ith  a  mean o f  21 .34$ .
T u r b id i ty
T u r b id i ty  means shown in  T ab le  XXI were n o t s u b je c te d  
t o  a n a l y s i s  o f  v a r i a n c e ,  b u t  i t  may be seen  t h a t  b lan ch ed  
sam ples had c l e a r e r  b r o th s  th a n  u n b lan ch e d . F ree ze - th aw  
t r e a t e d  r i c e  had a  v e ry  low t u r b i d i t y  o f  t h e  can n in g  l i ­
q uo r. By com paring th e  v a lu e s  f o r  f r e e z e - th a w  and f r e e z e  
d r i e d  r i c e s ,  i t  i s  seen  t h a t  w h ile  unb lanched  f r e e z e  d r i e d  
r i c e  l o s t  l e s s  s o l i d s  th a n  unblanched  f r e e z e - th a w  r i c e ,  
th o s e  s o l i d s  l o s t  were more l i k e l y  t o  rem ain  suspended in
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t h e  b ro th  c a u s in g  th ic k e n in g *
TABLE XXI: TURBIDITY MEANS OF CANNING LIQUOR
IN OPTICAL DENSITY X 10
P a rb o i le d F reeze -th aw F ree ze  d r i e d
Unblanched 2 .61 1 .7 6 3 .66
Blanched 0 .7 2 0 .5 6 0 .7 1
CONCLUSIONS
In  t h e  a n a ly s e s  o f  r e s u l t s  from o b j e c t i v e  d a t a ,  i t  
was seen  t h a t  t h e  use  o f  roux  a s  a cann ing  medium g r e a t ly  
r e t a r d e d  b o th  l o s s  o f  s o l i d s  and w a te r  im bibe . F re e z e -  
thaw r i c e  had a h ig h e r  im bibe r a t i o  in  w a te r  th a n  d id  p a r ­
b o i l e d ,  b u t ab so rb ed  l e s s  w a te r  th a n  th e  c o n t r o l  when 
canned in  ro u x .  The d i f f e r e n c e s  i n  b e h a v io r  o f  t h e  t r e a t e d  
from t h e  p a r b o i le d  c o n t r o l  may be a t t r i b u t e d  to  i t s  s i n ­
g u la r  n a tu r e .  The l a r g e  g r a in  s i z e  and porous t e x t u r e  
o f  f r e e z e - th a w  t r e a t e d  r i c e  ca u se s  i t  t o  f l o a t  upon th e  
cann in g  medium a t  th e  o n s e t  o f  p ro c e s s in g  and t h e  i n e r t  
n a tu r e  o f  t h e  r e t r o g r a d e d  endosperm p re v e n ts  undue s lo u g h ­
in g  and g e l a t i o n  o f  th e  l o s t  m a t e r i a l .
The n in e  ju d g es  p a r t i c i p a t i n g  in  se n so ry  e v a lu a t io n  
p r e f e r r e d  t r e a t e d  r i c e  o v e r  u n t r e a te d  w ith  re g a rd  t o  
c o lo r ,  a p p e a ra n c e ,  c o h e s iv e n e s s  and don en ess , b u t cou ld  
n o t  d i s t i n g u i s h  t a s t e  d i f f e r e n c e s .  The p r e f e r r e d  t r e a t ­
ment com bina tio n  was f re e z e - th a w  r i c e  canned In  roux  a t  
250°F. D e sp i te  th e  f a c t  t h a t  s o l i d s  change d a ta  i n d ic a te d  
t h a t  250°F. was more damaging, i t  was p r e f e r r e d  i n  a l l  
c a s e s  by th e  ju d g e s .  W hile e x c e ss  w a te r  a b s o r p t io n  o f  
f r e e z e - th a w  r i c e  o cc u rre d  in  w a te r ,  i t  n e v e r th e l e s s  sco re d  
h ig h e r  th a n  p a rb o i le d  r i c e  w ith  r e s p e c t  t o  t h e  v a r i a b l e s  
t e s t e d ,  so t h a t  even though  th e  t r e a t e d  r i c e  i s  more s u i t ­
a b l e  f o r  cann in g  in  a v i s c o u s  medium, such a s  roux  o r  w h ite
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s a u c e ,  i t  i s  q u i t e  a c c e p ta b le  f o r  u se  in  t h i n n e r  media 
such a s  soups .
A second s tu d y  t o  d e te rm in e  t h e  e f f e c t  o f  b la n c h in g  
upon p a r b o i le d ,  f r e e z e - th a w  and f r e e z e  d r ie d  r i c e  canned 
in  w a te r  showed t h a t  b lanched  p a rb o i le d  r i c e  has  a s  h igh  
an  imbibe r a t i o  a s  unblanched  f re e z e - th a w  r i c e ,  so t h a t  
th e  w a te r  a b s o r p t io n  v a lu e  o f  th e  t r e a t e d  r i c e  i s  n o t an  
o b s t a c l e  to  i t s  u s e .  F reeze  d r ie d  r i c e ,  w h ile  la c k in g  
t h e  s t a b i l i t y  o f  r e t r o g r a d e d  s t a r c h  was q u i t e  bouyant so 
l o s t  v e ry  l i t t l e  s o l i d s  i n  t h e  cann ing  p ro c e s s .  T u r b id i ty  
m easurem ents, however, showed th e  cann ing  l i q u o r  o f  f r e e z e  
d r ie d  sam ples t o  be f a r  more t u r b i d  th a n  p a rb o i le d  o r  
f re e z e - th a w  r i c e .  F u r th e r  s t u d i e s  may j u s t i f y  t h e  use  o f  
f r e e z e  d r ie d  r i c e  i n  cann ing  s in c e  o b s e r v a t io n s  i n d i c a t e  
t h a t  c o h e s io n  problem s cou ld  be a l l e v i a t e d ,  b u t t h e  cooked 
g r a in s  ap p eared  q u i t e  f r a g i l e .
F reeze - th aw  t r e a t e d  r i c e  a p p e a rs  t o  be a h ig h ly  a c ­
c e p ta b le  s u b s t i t u t e  f o r  t h e  b lan ched  p a rb o i le d  r i c e  p re ­
s e n t l y  used in  c a n n in g , w ith  re g a rd  t o  a l l  t h e  v a r i a b l e s  
t e s t e d .  I t  i s  a c r o s s - l i n k e d  p ro d u c t ,  b u t th e s e  c r o s s ­
l i n k s  have been induced  by p h y s ic a l  c o n d i t io n s  r a t h e r  th a n  
chem ica l means and th e  p ro d u c t c o n ta in s  no a d d i t i v e  o f  any 
k in d .  I t  i s  a v a i l a b l e  t o  t h e  p ro c e s s o r  i n  l a r g e  q u a n t i t i e s ,  
and would reduce  l a b o r  and energy  re q u ire m e n ts  i n  th e  
p ro c e s s in g  p l a n t .
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FIGURE V II : SCORE SHEET FOR RICE
Name:
D a te :________________
P le a s e  s c o re  each  sam ple a c c o rd in g  t o  t h e  fo l lo w in g  s c a l e :
C h a r a c t e r i s t i c Samp]
X
.e n
2
o .
3 5
»  -  " ' I  »  
6 V
!
8
C o lo r :
5 W hite 
4 Cream 
3 G rey -ye llow  
2 Tan 
1 Brown
A pp earance :
5 Whole, smooth 
g r a in s  
4 Fuzzy edges 
3 S lou gh ing  
2 I n d i s t i n c t ,  b ro ­
ken g r a in s  
1 D i s in t e g r a t e d
C o h es iv en ess :
3 W ell s e p a ra te d
g r a in s
4 P a r t i a l l y  s e p a ­
r a t e d  
3 S t ic k y  
2 Very s t i c k y  
1 P as tv
O f f - f l a v o r :
5 None
4 P e r c e p t ib l e  
3 S l i g h t l y  s t r o n g  
2 M odera te ly  
s t r o n g  
1 Verv s t r o n g
Doneness:
5 W ell done 
4 Too t e n d e r  
3 S l i g h t l y  o v e r ­
done 
2 Spongy 
1 Mushv
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TABLE XXII: STUDY I ,  VISCOSITY IN CPS. FOR
FIVE REPLICATES OF RICE
T reatm ent T
P a rb o i le d
W ater, 10 p . s . i . g .  
W ater, 15 p . s . i . g .
3 .5
3 .5
3 .4
3 .4
3.3
3 .7
* ■ ^ 
3 .6
y *
3 .6 3! 56
Roux, 10 n . s . i . g .  
Roux, 15 D . s . i . g ,
9 .2
9 .2
9 .1
9 .1
9 .0
9 .2
8 .9
9 .2
8 .9
9 .2
9 .02
9 .1 8
F reeze - th aw
W ate r , 10 p . s . i . g .  
W ater, 15 p . s . i . g .
3 .9
3 .6
3 .9
3 .6
3 .7
3 .8
3 .6
4 .4
3 .7
3 . ' '
3 .^6  
; .
Roux, 10 p . s . i . g .  
Roux, 15 p . s . i . g .
9 .4
9 .5
9 .4
9 .7
9 .5
9 .6
9 .5
9 .7
9 .5
9 .7
9 .46
9 .6 4
TABLE XXIII: 
FIVE
STUDY I .  IMBIBE RATIOS 
REPLICATES OF RICE
FOR
Treatm ent r
P a rb o i le d
W ater, 10 p . s . i . g .  
W ate r , 15 p . s . i . g .
9 .8 7
9 .56
9 .7 2
9 .5 1
9 .9 2
9 .43
9 .71
9 .4 1
9 .15
9 .9 4
9 .6 7
9 .5 7
Roux, 10 p . s . i . g .  
Roux, 15 p . s . i . g .
7 .71
7 .10
7 .55
7 .3 7
7 .7 4
7 .1 4
7 .7 4
7 .06
7 .71
7 .17
7 .69
7 .16
P reeze-th aw
W ater, 10 p . s . i . g .  
V/ater, 15 n . s . i . g .
1 0 . 1 8
10.97
10 .34
10.73
10.28
10 .94
10.21
10.23
10 .10
11.06
10 .22
10 .7 8
Roux, 10 p . s . i . g .  
Roux, 15 p . s . i . g .
7 .19
7 .24
7 .2 4
7 .1 7
7 .0 7
6 .9 8
7.83
7 .20
7 .3 7
7 .31
7 .3 4
7 .1 8
TABLE XXIV: STUDY I ,  SOLIDS CHANGE IN G./lOOG. FOR
FIVE REPLICATES OF RICE
Treatment x
Parboiled  
Water, 10 p . s . i . g .  
Water, 15 p . s . i . g .
-18.56
-19.14
-19.03
-21.41
-17.47
-20.85
-18.55
-17.06
-18.61
-18.05
-18.44
-19.30
Roux, 10 p . s . i . g .  
Roux, 15 p . s . i . g .
-2 .89
-0 .65
-1 .48
-1 .71
-2 .18
-0 .52
-3 .22
-1 .95
-2 .11
-1 .28
-2 .37
-1 .22
Freeze-thaw 
Water, 10 p . s . i . g .  
W ater, 15 p . s . i . g .
-13.33
-16.44
-12.21
-16.11
-12 .38
-16 .48
-13.07
-16.65
-13.99
-16.75
-12.99
-16 .48
Roux, 10 p . s . i . g .  
Roux, 15 p . s . i . g .
7.33
2.04
5.78
1.90
10.00
2.88
3.22
2.94
4.45
2.86
6.15
2.52
p-
TABLE XXV: STUDY I ,  COLOR MEANS FOR NINE JUDGES
ON FIVE REPLICATES OF RICE
Treatment Judge
1 2 3 4 5 6 7 8 9 I
P arbo iled  
W ater, 10 p . s . i . g .  
Water, 15 p . s . i . g .
3 .6  
4 .4
4 .0
4.0
3 .6
4 .2
4.0
4 .0
3.8
4 .0
3.8
4.0
4.2
3.4
4.2
4.2
3.6
4 .4
3.93
4.06
Roux, 10 p . s . i . g ,  
Roux, 15 p . s . i . g .
1 .0
1 .0
1.0
1.0
2.0
2.0
1.0
1.0
1.2
1 .4
1 .8
2.0
2.8
2.0
l.C
1.0
1.0
1.0
1.42
1.37
Freeze-thaw
Water, 10 p . s . i . g .  
W ater, 15 p . s . i . g .
5.0
5.0
4 .4
4*6
4 .6
5.0
4 .6  
5.0
4.0
4.8
4 .2
5.0
3.8
4 .4
4.6
4*6
4 .8
5.0
4.46
4 . 8 4
Roux, 10 p . s . i . g .  
Roux, 15 p . s . i . g .
1 .0
1.0
1.0
1.0
2.0
2.0
1.0
1.0
1.0
1.0
1 .8
1 .8
1.2
2.2
1.0
1.0
1.0
1.0
1.22
1.33
TABLE XIVI: STUDY I ,  APPEARANCE MEANS FOR NINE JUDGES
ON FIVE REPLICATES OF RICE
Treatment Judge
1 2 3 4 5 6 7 8 9 I
Parbo iled  
Water, 10 p . s . i . g .  
Water, 15 p . s . i . g .
4 .0
3.6
3.6
4 .0
2.0
2 .6
2 .2
3.0
2.2
3 .0
3.0
3.0
2.2
2.6
3.2
2.8
2.8
2.6
2.82
3.04
Roux, 10 p . s . i . g .  
Roux, 15 p . s . i . g .
3 .6
4 .2
4 .0
4 .4
2.4
3 .2
3 .0
3 .0
2 .4
3 .2
3.4
4.0
2.8
4.0
3.4
3 .4
2.6
3.8
3.09
3.69
Freeze-thaw 
Water, 10 p . s . i . g .  
W ater, 15 p . s . i . g .
4 .4
4 .6
4 .8
4.2
4 .4
4 .2
4.6
4*4
4.2
4 .0
4.2
4.0
3.8
4.0
4.0
4.4
4 .8  
4 .2
4.36
4.20
Roux, 10 p . s . i . g .  
Roux, 15 p . s . i . g .
5.0
5.0
5.0
5.0
4*6
3.8
4.2
5.0
5.0
5.0
4 .2
4.2
4.0
5.0
4.8
5.0
4 .4
4 .4
4.58
4.71
TABLE XXVII: STUDY I ,  COHESIVENESS MEANS FOR NINE JUDGES
ON FIVE REPLICATES OF RICE
Treatment Judge
1 2 3 4 5 6 7 6 9 I
Parbo iled  
W ater, 10 p . s . i . g .  
Water, 15 p . s . i . g .
4 .0
4 .2
3 .6
4 .4
2 .2
2 .6
2 .2
3.6
3 .4
3 .4
2.2
3 .2
1 .4
2.6
2.6
3 .4
2.4
2.6
2.67
3.33
Roux, 10 p . s . i . g .  
Roux, 15 p . s . i . g .
4 .0
4 .4
3.6
4 .0
2 .4
3 .0
4 .4
4 .4
3 .4
4 .0
2.6
3 .0
2.6
2.6
2.6
3.6
2 .4
3.0
3.16
3.60
Freese-thaw  
W ater, 10 p . s . i . g .  
W ater, 15 p . s . i . g .
5 .0
5.0
5.0
4 .6
3 .6
3 .6
4 .6
4 .4
4 .6
4 .6
4 .6
4 .6
3 .6
3.6
4.2
5.0
4 .8
4 .4
4.60
4.46
Roux, 10 p . s . i . g .  
Roux, 15 p . s . i . g .
5.0
5.0
4 .6
4 .6
4 .6
4 .6
4*6
5.0
4 .6
5.0
4 .6
4 .6
4 .2
5.0
4.6
5.0
4 .6
4 .6
4.73
4.69
o*-sj
TABLE XXVIII: STUDY I ,  FLAVOR MEANS FOR NINE JUDGES
ON FIVE REPLICATES OF RICE
Treatment Judge
1 2 3 4 5 6 7 8 9 X
Parbo iled  
W ater, 10 p . s . i . g .  
Water, 15 p . s . i . g .
5.0
4 .4
4 .8  
4 .8
4 .6
4 .6
5.0
5.0
4 .0
4 .8
5.0
5.0
4 .2
4 .0
4 .8
5.0
5.0
5.0
4.71
4.67
Roux, 10 p . s . i . g .  
Roux, 15 p . s . i . g .
4 .8
5 .0
4.2
4 .8
4.2
5.0
4 .8
5.0
4 .8
4 .0
5.0
5.0
4 .0
4.0
4* 8 
4 .2
5.0
5.0
4.62
4.67
Freeze-thaw 
W ater, 10 p . s . i . g .  
Water, 15 p . s . i . g .
4 .8
4 .6
5.0
5.0 t i
4*6
5.0
4 .2
4 .0
5 .0
5.0
3.6
4 .6
4.2
5.0
5.0
5.0
4.53
4.78
Roux, 10 p . s . i . g .  
Roux, 15 p . s . i . g .
5.0
5.0
5.0
4.8
4 .8
4 .8
5.0
5.0
4 .6
4 .2
5.0
5.0
4 .0
3.8
4 . :
4.4
5.0
5.0
4.73
4.67
axax
TABLE XXIX: STUDY I ,  DONENESS MEANS FOR NINE JUDGES
ON FIVE REPLICATES OF RICE
Treatment Judge
1 2 3 4 5 6 7 3 9 1
Parbo iled  
Water, 10 p . s . i . g .  
Water, 15 p . s . i . g .
3.6
3 .6
3.6
4.6
1 .3
1.3
1 .4
2.0
2.6
2 .2
2.6
2.6
3.2
3 .3
1 .2
1.0
1 .8
1 .4
2.44
2.58
Roux, 10 p . s . i . g .  
Roux, 15 p . s . i . g .
4 .2
4 .0
4.2
4 .3
2.2
3.4
2.6
2.6
3 .2
3 .3
3 .4
3 .2
3 .4
3 .6
1 .4
1 .8
1.4
2 .2
2.89
3.27
Freeze-thaw 
Water, 10 p . s . i . g .  
W ater, 15 p . s . i . g .
4 .0
4 .0
4 .2
4 .4
2 .4
2 .4
2 .4
3 .0
3.0
3.0
2 .3
2.6
3 .2
3.2
1.0
1.2
1.4
1.2
2.71
2.73
Roux, 10 p . s . i . g .  
Roux, 15 p . s . i . g .
4 .6
5.0
4 .3
5.0
3 .4
3 .4
3 .0
3 .2
4 .4
4 .4
3 .4
3.2
4.0
5.0
1 .3
1.8
2.4
2.0
3.58
3.67
ax\o
TABLE XXI: STUDY I I .  IMBIBE RATIOS FOR
FIVE REPLICATES OF RICE
Treatment X
Parbo iled
Unblanched 7.93 7.93 7 .74 7.85 7.87 7.86
Blanched 6.61 6.67 8.69 8.79 8.76 8.70
Freeze- thaw
Unblanched 9.52 9.45 9.20 9.31 9 . 2 8 9.35
Blanched 9.07 9.14 9 .14 9 .21 9.65 9.24
Freeze d r ied
Unblanched 9.21 6.95 9.24 9 .27 9 .28 9.19
Blanched 9.14 9.58 9 .59 9.65 9.32 9.46
\oo
TABLE XXXI: STUDY I I ,  SOLIDS LOSS IN PERCENT
FOR FIVE REPLICATES OF RICE
Treatment 1
Parbo iled
Unblanched
Blanched
14.96
20.72
14.13
20.72
16.17
21.91
16.16
21.68
16.50
21.68
15.58
21.34
Freeze-thaw
Unblanched
Blanched
10.93
13.65
11.96
13.21
10.63
14.66
11.17 
1 4 . 2 6
10.76
13.46
11.06
13.70
Freeze d r ied  
Unblanched 
Blanched
1.97
14.66
2.29
17.17
4.32
17.97
4.18
18.93
4.88
16.72
3.53
17.09
TABLE XXXII: STUDY I I ,  TURBIDITY MEANS IN O.D. X 10
FOR FIVE REPLICATES OF RICE
Treatment 1
Parboiled
Unblanched 2.88 2.57 2.67 2 .70 3.20 2.61
Blanched 0.77 0.68 0.62 0.72 0.83 0.72
Freeze-thaw
Unblanched 1.53 2.08 1.79 1.67 1.73 1.76
Blanched 0.59 0.50 0.51 0.48 0.73 0.56
Freeze d r ie d  
Unblanched 4.00 3.36 3.40 4.02 3.60 3.68
Blanched 0 .78 0.73 0 .57 0.69 0.80 0,71
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